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The Americnn Chemical Society Chemistry Education Tusk Force finds that: 

Misunderstanding of science is widespread 

and the public understanding of chemistry is poor 
'Ibo little science is taught in the elementary schools. ; 

possibly because too few teachers are well qualified to teach it. ^ 

Ni^ither programs to assist improvement of teacher qualificatious 

nor good teaching materials are readily available. 
Tbo few teachers of chemistry in high schools are well grounded 

in the subject; those that are are spread too thin, have too few 

mechanisms available for maintaining and improving their 

qualifications, and are too easily wooed away to more satisfying 

and mor^ remunerative employment, 
laboratory exercises are slowly disappearing from 

general chemistry education in both high schools and colleges. 
College chemistry for nonmajors has yet to find an appropriate 

character; that for majors is beset with unanswered questions 

about curriculum content, especially as it relates to 

future professiona] employment. 
Applications of both information technology and discoveries ^ 

about learning are occurring haphazardly. 
Df^mand for— and supply of— well-educated chenfists are [XK>rly related 

to each other Arbitrary barriers to entry and progress in 

the profession continue to be reported. 
Industry does much to aid science education, but should do much more. 

The highest priority recommendations of the Task Force are: 

7b the United States Government: 

• Vigorous and large expansion of National Science Foundation and other Federal prograrft^ to 
upgrade the qualitj^ of science instruction through direct service to teachers. 

• Establishment of Federally supported Regional Science Centers as focal points for improvement of 
" prcGpUege science education. 

7b State agencies and curriculum bodies: 

• Raising of teacher certification standards in science and mathematics, in both elementary and 
secondiu^y schools. 

• Increase in the amount and level of science and mathematics taught to ail students. 

• Improvements of teacher compensation and in Conditions of employment. 
7b Scientific Societies: 

• Formation ofa National Council on Education in Science and Technology to coordinate and 
oversee national educational efforts, with emphases on public understanding of science and on 
precollege education. 

7b the Chemical Industry: 

• Strengthening and expansion of activities that bring the resources of the chemical Industry to bear 
on improvement and support of science education at all levels, 

7^) the American Chemical Society: 

• Creation of a 5-year plan to improve chemistry education nationwide in the high schools. 

• Consideration of how best to characterize opportunities in chemistry aifd the expectations of 

\ employers, identify necessary curriculum and resource elements, ahd utilize results of research to 
improve chemistry education. 

• p:xpansion of ctTorts to provide informa^^n on chemistry and chemical affairs to Congressional 
and administrative decision-makers. « 

^ If ■ 
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Grouped accord^g to target entityf the principeU t^jmrnendations cftke Ttafc Force are; 

(W With regard to National Concerns: 

• Formation of a National Council on Education in Science and Technology to coordinate and 
oversee national educational efforts. 

• Formation of a sub-Council on Public Understanding of Science and Technology. 

• Formation of a sub-Councii on Precollege Education in Science and Technology. 

• Strong ACS participation in these efforts. 
(A) With regard to All Levels of Education: 

• Vigorous and large expansion of National Science Foundation and other Federal programs to 
upgrade the quality of science instruction through direct service to teachers. 

• Expansion of Federal support of research and development in the use of computers and other " 
information technologies in science education. 

, • Expansion of Fedf^ral support pf r^earch in science education. 

(E) With regard to Elementary School Science: 

• Coordinatedeffort by scientific and engineerinjg societies to address the major probl&m^ of science 
education in the eleifientary schools. 

• An immediate national effort by scientific andenj^eering societies to add science to the present 
basic triad of school subjects. 

• Development of model science programs for each grade level K-S. 

• Development of gviidelines for certification of elementary school teachers to teach science. 

• Establishment of Federally-suppohed Regional Science Centers as foCal points for improvement of 
precollege science education. * 

• Expansion of ACS activities in th6 area of pre-high school chemistry education. 
fH) With regard to High School CherMstry and Sclencef 

• Creation of an ACS 5-year plan to improve chemistry education nationwide in the high schools. 

• A national effort to raise teacher certification standards in science and mathematics and to secure 
adherence to such standards. 

• Adoption of a national minimum standard that 3 years of science taught with laboratory and 
3 years of mathematics be required for graduation from high school 

• Study of changes necessary to improve the high school chemistry curriculum. 

• A Joption of a guideline that at least 30 percent of class time be devoted to lat>oratory exercises in 
the high school chemistry curriculum. 

(T) With regard to Tlvo-Year College Chemijstry and Chemical T^hnology: 

• Revision of the ACS 1970 "Guidelines for Chemistry in the TXvo-Year Colleges." 

• Development by. AGS of an outreach and consultation program to assist impro /ement of chemistry 
programs in two-year colleges, 

• Establishment of an ACS approval service for Chemical Tbchnoiogy programs. 

• Development of an ACS approval service for college transfer and other two-year college chemistry 
programs. 
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(U) With regard to University and College Chemistry and Science: 

• National eflort to attain acceptance of a requirement for admission to colleges and universities of at 
least 3 years of laboratory science and 3 years of mathematics taken in grades 9- 12, 

• National effort to assure that the laboratory science requirement for any baccalaureate degree is at 
. least 10 percent of the undergraduate credit that must be earned by the student. 

• Establishment of guidelines to the appropriate balance in college-level chemistry courst'^ for 
nonscience majors among the fundamental principles of chemistry, applications of chemistry, and 
the place and role of the chemical sciences in con tempo; ary society. 

• Development of a program of workshops and other activities to increase interaction among 
teachers bf the natural sciences and engineeHi^g. the arts, humanities, and the ^x:{al scie»iccs. 

• Adoption of a standard that all college-! el foundational chemistry courses, whatever their 
student clientele, include substantial ' / id significant laboratory, work. 

• Preparation by the ACS Committee >n Professional TVaining of recommendationfs concerning the 
content of chemistry courees intended for rtudents who are not majors in chemistry. 

• Deveiopment by ACS of curriculum modules in such aspects of chemistry as are germane to the 
cqnicuia of professional schools of law. business, and the healtfi professions, among others. 

• Inclusion in the budgets of instrument purchase programs of additional funds to permit 
development of cooperative mechanisms for the maintenance and repair of such equipment. 

• Sponsorship by the ACS of the preparation of position papers providing advice and guidance to 
faculty members on ways to include or improve instruction in the undergraduate curriculum on a 
n um ber of specific topics and areas. / 

• ACS consideration o/ how best to characterize opportunities in chemistry and the expectations of 
employers, identify nect'ssary curriculum and resource elements, and utilize results of research to 
improve chemistry education. 

• Consideration of the mission of the ACS Committee on Professional Training. 

• ACS leadership of efforts to modernize the concept and structure of technical libraries. 
(C) With regard to Careers in Chemistry: 

• Government and industrial support of a program of postdoctoral appointments fv^r research on 
problems of national concern to assist bridginj^ temporary differences in employment demand and 
scientist suppny, 

• ACS sponsorship of efforts to identify and correct arbitrary restraints on women, minorities, and 
other special segments preparing for or practicing the profession of chemistry. 

• Increased development, testing, and evaluation of electro-optical systems for continuing ^ 
education; expansion of ACS continuing education services. 

(!) With regard to Industry and Education 

• Strengthening and expansion of activities that bring the resources of the chemical industry to bear 
on improvement and support of science educa^tion at all levels. 

• Establishment of an ACS stalT Office to deal with activities at the academic-industrial Interface. 
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PREFACE 



The Ameriraii Chemical Scxicty Chemistry 
Education Tiisk Force was apfxMntcd in January 
1983 by the then-Chair of the ScKiety Committee 
on Kducation. Dr, Stanley Kirschner. and began 
work ahno^t immediately. 

The charge to the Tiisk Force was a simple 
one: Examine the state of chemistry education in 
the United States t<xiay and make such recom- 
mendations for action as seem appropriate in 
light of the findings. We determined to look at all 
levels ol e(Uication and at botii formal and infor- 
mal mcKies: we did not feci that .we were directed 
to Ik* practical or even reasonable. 

While the funding ot the 'Iksk Force's work 
was generous, it was not lavish, it was realized 
early that surveys over the various parts of the na- 
tional educational apparatus, of students and 
other consumer groups, and even of the smaller 
collection of persons who have thought and are 
thinking deeply and conscientiously about educa- 
tion in the sciences, were not possible. Rather the 
Task Force (iecided to ust* as leverage for its expt*- 
rienct* and as the starting point for its thinking the 
substantial and growing collection of reports pub- 
lished rcr ently {si^me of the most impxirtant being 
issued during the active work period of the Tksk 
Force) by several Ixniies national in scojh\ by a 
myriau of groups more limited in compass, and by 
informed and concerned individuals. 

Among the first are the reports of The Na- 
tiotial Connrnssion on KxceUence in Education 
(A{)ril 1983) and The National Science Ik)ard 
Con)rnission on Precoilege Kducation in Mathc» 



matics. Science and IVchnology, and many re- 
ports of conferences and other studies of problems 
in chemistry education done under the auspices 
of the American Chemical ScKMcty. Complete Hst^ 
ings of these s<^urce materials will be found in the 
Bibliography, *^ 

Members of the Tcisk Force made no secret of 
their work and information flowed freely to us. As 
the program of working meetings was foHowed, a 
number of invitations were extended to interested 
persons to provide opinion, expressions of con- 
cern, proposals for the solution of perceived prob- 
lems, etc. Later, when the recommendations of 
the T^sk Force were in preliminary form, several 
hundred persc^ns were asked to comment on that 
part of the Tksk Force work product. Finally, dratts 
of this re|>ort were sent to a small rnimber of Very 
knowled^atde individuals for critical review. 

The l^sk Force has identified some serious 
problems in science education and In chemistry 
education, and recommendations are made for 
actipn to improve such problem situations. Not all 
of the identifications or recommendations are en- 
tirely original with this Tiisk Force— we are far 
from the only persons addressing these matters in 
a formal, organized fashion. Our debt to the efl'orts 
of other groups and indi^uals is substantial. Per- 
haps if the number, scope, and concern of such 
mutually indebted endeavors grows sulTiciently, 
something will be done to allocate human, ns<^al, 
and physical resources to the solution of the prob- 
lems. 
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INTRODUCTION 



Any study of the state of chemistry education 
must begin with a look at the whote of which 
chemistry education is a part. 

Enrollment fluctuations notwithstanding, ed« 
ucation in the United States is a huge enterprise. 
Currently, the elementary schools enroll 27 mil- 
lion students, high schools 14 million, and col- 
leges and universities over 12 million. There are 
about 100 thousand precollege institutions and 
they employ 2.5 million teachers; the 3300 col- 
lege-level Institutions have 620 thousand faculty 
members. The leverage of such large numbers is 
enormous: if every high school student were given 
the opportunity to perform a precipitation test for 
aqueous chloride ion by using one milliliter of 
tenth molar silver nitrate solution, the reagent 
cost would be over $80,000. 

The current budget c** the U.S. Department of 
Education is about $14 billion; the aggregate of 
annual state. Federal, and municipal expendi- 
tures'on education (much of it for instruction, nas 
been estimated at $ 1 50 billion, about half as large 
as the budget of the Department of Defense. Aver- 
age annual exp<:mditures per pupil are about 
$2000 in the schools, over $3000 in two-year col- 
leges, and over S9000 in four-year colleges and 
universities. 

Science and mathematics education starts 
early in the elementary schools. For grades K-3, 
17 minutes per day are devoted to science, 41 to 
mathematics, and 95 to reading: in grades 4-6. 
science gets 28 minutes per day, mathematics 5 1 , 
and reading 66. Elementary school students 
maintain more positive attitudes tosvard mathe- 
matics than toward school in general, but there is 
a steady decline in such affection as the grade 
level increases; the trend is reversed for science. 
Forty-eight percent of nine-year olds identify 
mathematics as their favorite subject, 6 percent 
choose science; among seventeen-year olds, math- 
emaUcs is the favorite subject of 18 percent, sci 
ence of 12 percent. Unfortunately, student 
achievement in both science and mathematics 
has declined steadily at all age levels during the 
last 15 years. 

IJationwide, there has been a steady decrease 
in the amount of science completed by students 
during the high school years. In the decade ending 
in 198 ] , students completing more thap two years 
of science in grades 10-12 declined from 3 1 to 25 
percent of high school seniors. The trend is si mi- 
lar among college-bound high school seniors, 



though they included more science in their pro- 
grams than did other students; the median num- 
ber of years of courses completed ip grades 7-12 
by the college-bound group was: 4.2 years of En- 
glish, 3.7 of social sciences, 3.5 of mathematics, 
i.3 of biological science, and 1*6 of physical sci- 
ences, in i980--8i. ^ 

In 1980-8 1 , about 2.8 million students gradu- 
ated from high schools and about 1 .5 million of 
them went on to some higher education. Their po- 
tential may have been somewhat lower than that 
of the corresponding group of students seeking 
college admission in 1966-67: in those fourteen 
years, the average score on the Verbal part of the 
Scholastic Aptitude Ttst (SAT) declined from 467 
to 425, on the Mathematics part from 494 to 468. 

The division of the stream of students enter- ^: 
ing colleges and universities into employment in- 
terest grQups, and therefore into majors or fields of 
concentration, occurs early, md there have been 
some marked changes in the last decade or so. In 
1970, 19 percent of college freshmen indicated 
precollege teaching as a probable career { 1 1 per- 
cent pointed toward the secondary schools] and 
2.5 peitent one of the physical sciences; by 1982 
these indications became 5 percent (2 percent) 
and 2.8 percent, respectively. The average Verbal 
SAT scores of intended education majors fell from 
418 to 391 in this period, that on the Mathematics 
part f/om 449 to 4 1 8. The corresponding figures 
foi intended majors in a physical science changed 
more; average Verbal SAT fel4 from 5 15 to 438, av- 
erage Mathematics SAT from 580 to 520. 

Colleges and universities awarded (all fields) 
420 thousand associate degrees in 1980-8 1 , 940 
thousand baccalaureates, 360 thousand masters, 
and 40 thousand doctorates. In education there 
were 108 thousand bachelor degrees awarded in 
1980-81 (down from 194 thousand in 1972-73), 
99 thousand masters (down f'-om a historic high of 
128 thousand in 1975-76), and 7 thousand doc 
torates (a rate essentially unchanged for over a 
decade), in physical science education, baccalau- 
reate degrees fell from 900 in 1970-7 1 to 600 in 
1980-8 1, masters from 800 to 5O0, and doctor- 
ates from 90 to 80; in mathematics education the 
decline was steep>er: baccalaureate degrees fell 
from 2200 \n 1970-7] to 800 in 1980-81. mas- 
ters from 800 to 400, and doctorates from 50 to 
30. ^ 

There have been declines in degree produc- 
tion in the physical sciences, including chemistry. 



in this peruxi. but thry have \yvcx\ much IcSvS— av- 
tTa^nuMilK)^;! iOperceii? at any level, hi }. 980-81. 
lor example, there were scnne H.) thousand baeea 
laureate degu es awarded in c^hernistry, 1800 mas 
ters, and UKX)dtK*loratei^; theeorrer.^x^iulin^ fig- 
ures for all physical sciences %vere 2 i t hoiis<uid, 
v^.S thousiind, and 3600. res|HVtively. 

By 1980--81 the pro{^K)rt ion otjjradua ting eer- 
ntiable teachers in mathematics who did not ap- 
ply tor sc^hcK)] teaching px^sitions had reached 27 
percent, the figure tor physical science ccrtiliabie 
teachers was higher In 1 980-8 1 . of the individ- 
uals teaching primarily mathematics and/or scM* 
crice. 87 |H*rcent were certifiable in some field- 
but only 44 percent in the field in which they were 
teaching. 

College and univer^r-uy chemistry faculty 
members are clearly u'.idercompe^^ted in com- 
parison with their coll eagues in industry, and the 
sU-ady dtrline in stud;*nt interest in rigorous 
iields lias not ht^jxxi their esprit. But their prob- 
lems ot image, morale, and comf>ensation are triv 
ial in comparison with those «)f teachers in the cle- 
nuMitary and secondary s<'hc>ols. 

Favorable attitudt*s toward their careers by 
teachers m schcH)!s decreased dramatically in 
both inten sity and frequency of cxTurrence during 
the past two dei'adcs. IVachcr morale apfx^ars to 
have been atTected more adversely by factors such 
as changing public attitudes toward the scho<>ls 
and teac hers, media treatment of the institutions 
and the profession, and student attitudes toward 
k arnin^, tiian by concerns over inadequate 
teach<T co-tijx'nsiiUon. Even student behavior 
and class si/e arc rated by teachers as less imjx)r- 
Uxni cause agents for can^er- related diss^Uisfaction 
than tlu" attitudes of others about the profession. 

Not that there are not real problems of facili- 
ties an(i finance in ihv sch(K)ls generally. S<nenee 
tea<*}uTS have grt^ater need than others for spxTial 
kindsof f<K-iliti< s and ecjuipnient, costly materials 
for instruction, smiK>thIy functioning supply sys- 
tems, and Side space. Seldom arc these forthconv 
ingiti the quantity or (quality ne<^ded. 

1eai*hers i(*cl real pressures born of student 
interest in science and the relentless cfiange of the 
discipline. Only alH)ut a (piarter of elementary 
sciuH)! teachers are confident of their ability to 
teach what scr/nee there is in the curric iilum at 
that Ivxv] A S(.!^\i vv}:at smaller pro[X)rtion (but 
still over an eighth) of secor*cIary school teachers 
o! scienct admit to feeling inadequately qualified 
to teacli ()!)e or more of their courses . The interest 
of high school science teachers in impro ving their 
qu<iUfications is well evidenced by the fac t that by 
1977 forty-seven percent of them haci att* nded 
one or more of the institutes s{X)nsored by the Na- 
tional Science Foundation;, cinfortunateiy. attri- 
tion in the profession ancj the demis<^ of ' hat pro- 
gram have lowered this fraction substantially. 



Whot is the ^t{\te nfchenUstvy education in 
the United States hxiay? C^hcnustry as such is or- 
dmariiy a high s<iux)i and college subjt^ct, though 
there is some chendstry content in the science 
taught in the elementary sc^hools. Nearly every- 
where one finds evidence of student, teachen and 
parent interest in science as a schcx)! subject, in 
many places one finds that this interest can be 
demonstrated in terms of gocxi teaching, sounci 
student achievement, and strong p^treiitai and 
comnumity support for the programs and facih- 
ties necessi^ry if sound instruction is to b<* given, 
hi tnany places one finds examples of dedication, 
commitment, and determination. But, thosi^ 
places are rather scattered. The fraction of the stu- 
dents at any grade level who learn in an environ- 
ment as positive as that reflected above is cjuite 
small— too snmll for good service to the future of 
either the students or the Nation. 

At tcK) many places, at too many levels, 
teachers are ill-quahfied to teach science. Elemen- 
tary sehcx)! teaehei:> often have had no serious stM- 
enee instruction in tneir preparation for the pro- 
fession. At the high school level, few who teach 
chemistry hav- real subject matter cojTi{>etence in 
the discipline, ind those who do are invr -asingly 
ca.uly wcxxxi away to Ciher professional employ- 
ment. In lx)th the high .schools and in smaller col- 
leges. t(X) many faculty members are fc^rced into 
an instructional fxmtathlon — spread thin over far 
tcx^ many difierent assignments for quality {ht- 
formanct* in any of them. There Is very littleorga- 
nized help for teachers at any level w^ho want to 
maintair^ or improve their cotupetenee to give in 
struction in a scifmce discipline, cliemistry in- 
;*iuJed, 

Curriculum materials of high equality and de- 
monstrable effectiveness do ^ot exist in prolusion: 
the lower the grade level the gre.iter the nce^d. Mar- 
keting forces push instructional materials toward 
conformity and uniformity, with the predictable 
result that neither diversity nor excellence is 
found or served. The computer, insteaci of lib<*rat 
ing inslr\iction. threatens to put it into a strait- 
jackcK-conveying subtly, for example, the false 
notion that science is all known and ck)sed in- 
stead of exploratory and open-ended. Laboratory 
e xercises, in part because tht\v are logislically dif- 
ficult and have always been expensive, are bci- \ 
seen more and more often as unnec^essary — ^in- 
cicntsarc^ expected to learn from watching sonie- 
otie else's '"handson" instead of their owai. 

Colleges and universities have similar piob- 
lems. ChtMuislry is a neglected "liberal arC": nei- 
ther admission nor graduation requirements rv 
llect its place or value in contemporary life, or its 
intellectual v;orth. I^essurcs lor efliciency drive 
curricula toward single approaches to c^hcnnstry 
in spite of the diversity of student interests and ca- 
pac^ities. There is complaint that chemists isolate 
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themselves from meaningful interaction with 
their faculty peers in other fields, both science and. 
nonscienee. which depend on chemistry for serv- 
ice instruction. Many questions are raised about 
the content, currency, and relevance of the under- 
graduate preprofessionai chemistry curriculum in 
regard to the career goals of individuals and the 
broiui spectrum of employment o|5portunities af- 
forded its graduates. Some assert that there is a 
serious mismatch between the iegitintate expecta- 
tions of those who employ chemists and the as- 
sumptions of those who devise and implement the 
( iipncula which prepare them for employment. In 
jkiine areas, e g. information science as applied to 
the practice of chemistry, industries report that 
they cannot rely on their new employees being ad- 
equately prepared. Poor fundirtg of higher educa- 
tion is moving the cutting edge away from higher 
education toward industrial laboratories, which 
s<Tm to Ix* able to keep their instruments on line. 
Ltwning in c hemistry must be fffelong. but con- 
tinuing professional education is accorded much 
less attention than it deserves. 

There are still other kinds of problems at the 
ac ademiC'industrial interface. Industry does 
much for education, but only a fraction of what 
would be desirable in its own long-term interest: * 
this is cspc^cially true where the public under- 
standing of science is concerned— with chemistry 
and industry a veiy sensitive area. Industries do 
little to exchange information about any goo^and 
efiective programs that (hey have in education; 
and thoy do even less to communicate such tid- 
ings to the public. Industry also hears a different 
drummer than dot^s the educational system that 
prixiuces its scientists; as a result, industrial de- 
mand for chemists, for example, can change ten 
times as rapidly as the educational system and 
students can respond. And. in both industry and 
aoademe, w^omen. minorities, and the handi- 
capped continue to report artificial barriers to the 
progress of their c ireers. 

The conclusions drawn from thesc^ findings 
by the Chemistry Education T^sk Force take the 
form of thirty-nine principal recommendations 
and niuncrous ancillary ones, all set forth in the 
sections which follow. We begin with recommen- 
dations {N) that reflect our concern for the nation- 
wide low^ level of public understanding of science, 
and our conviction that the momentum generated 
by recent national studies of school education, in 
general, and of education in mathematics, sci- 
ence, and technology, in particular, must be main- 
tained. There follow some proposals (A) that relate 
to education at all levels. These are. in turn, fol- 
lowed by clusters which deal with problems at the 
levels of the elementary schcx)ls {E). high schools 
(H). two-year colleges (T). and colleges and univer- 
sities (IJ). Sections dealing with matters related t j 
the careers of some chemists (C). including contin- 



uing education, and with the special opportunity 
we believe exists for the chemical industry (I), 
complete the Report. 

At the start, the Tlisk Force was advised to 
concentrate its attention on post-secondary chem- 
istry education, with special emphases on the un- 
!ergraduate and graduate preparation of chemi- 
cal scientists and on their continuing professional 
edircation. Soon, however, many urged us to 
broaden the scope of the study, expressing the 
conviction that the educatioirof nonscientists and 
critical problems in precoliege education were 
equally deserving of our efTorts— that the whole of 
chemistry education should be locked at. We took 
the latter advice. 

The recommendations of the Tlisk Force re- 
flect disquiet with precoliege education in many 
resjx*cts. not Just with instruction in chemistry or 
in science. Our disquiet is somewhat loser to 
alarm than our prose may suggest. The quantity 
of precoliege education is great, but tCK^ often its 
quality is not. Much of the time we exj^^t the 
wrong things of our system of education and em- 
ploy poor tactics that e Ive into woVst* st^tegy : 
to avoid discrimination gainst, we l^ave thrown 
away disc rtmination/or; to avoid barriers, we 
have thrown away hurdles; in pursuit ofhm and 
happiness, we have prais<^*d effort but reduced 
challenge and depreciated achievement: we decry 
the falling test scoresof students— but it is we who 
are weighed in the balance and fo\aid wanting. 

Though we are deeply troubled by the prob- 
lems of- and facing-chemistry education tcxlay. we 
are optimistic that the people will sense the haz- 
ard and support the changes that must Ix; made. 
That would be consistent with the American char- 
acter, no l>etter descTibed than by Alexis de lb- 
quevillt*: 

"They (the Americans) have all a lively faith 
in the jXTfectibiiity of man. they judge that 
the diffusion of knowledge must necessarily 
be advantageous and the consequences of ig- 
norance fatal; they all consider society as a 
body in a state of improvement, humanity as 
a changing scene, in which nothing is. or 
ought to be permanent: and they admit that 
what appt^ars to them today to Ix^ good, may 
be superseded by something better tornor- 
row/* 

The Iksk Force trusts that that spirit con- 
tinues to the present day. 

We believe that education and disciplined 
learning, that provided a substantial base on 
which our so<iety was founded, are critical to its 
survival. The study of the universe and of the 
creatures that cx^cupy it are among humanity's 
noblest efforts and achievements. But. while such 
study haMncreased in depth and penetration, and 
its results have been used to change our lives at an 
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ever increasing rate* education in science and 
technical fields has weakened and fallen behind 
the pace of applications. This situation ir ' have 
existed always— but the disparity has become in- 
tense and critical in the last twenty years. 

We believe that there are eflective means that 
can be employed to restore the educational sys- 
tem to a viable state where it ran serve more effrc- 
<¥Vely the noble purposes we ascribe to it, but 
those means must be employed in an orderly fash- 
ion and consistently over a substantial period of 
time; we do not believe that a crash program can 
overcome the bosses of past years in short order 

Such efforts will require a rededication of 
^ many individuals and units of our society to the 
goals and purposes of education. This rededica- 
tion cannot be achieved in time now considered 
spare, or excess over an individual's normal du- 
ties, but must be part of those normal duties. 



Since the time and effort of individuals are equiva- 
lent to financial resources of the oonnnunity, sub- 
stantial redirection of the use of those resources is 
In order, and. indeed, without such realkx ation no 
progress will be made toward the desired long- 
term changes in the educational Establishment. 

Thus, we call for redirection of the assets of 
time, money, and other capital of {)ur civil and pro- 
fessional societies. We call upon the American 
Chemical Society to establish certain Ixidies. task 
forces, anfd staff offices to undertake certain stud- 
ies and projects which we believe will prove 
healthful. We call upon the chemical industry for 
resources to sustain the educational programs on 
which its own future must depend. Above all, we 
call upon the State arid Federal Governments to 
devote resources they derive from the s<xiety they 
administer to the sustenance of the future of that 
society through improved education 
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Recommendations on NATIONAL CONCERNS 

N 1 National Coi41cll on Education In Science and Itechnology , 

N2 Sub-CouncU/Commlsalon on Public Understanding of Science Itechnology 

N3 Sub-Councll/CommUslon on'PrecoUege Education In Science and Ibchnology 

N4 Chemlatry Literacy and th^ American Chemical Society 
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The public about whose understanding we are concerned is, in fact, all publics— the educated and 
uneducated in science, the voter and the politician, the child and the adult . . . 
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Nl : NATIONAL COUNCIL ON EDUCATION - / 

m SCIENCE AND TECHNOLOGY 

Recommendation: FormatU^n of a National Council on Education Ui Science and Technology 

to coordinate and oversee national educational e0br£$* 
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There i^5deep concern about the Impact of sci- 
ence on the "conditions of men/* and growing 
anxiety that gftietic science may affect the **sorts 
of men." How we react to these realitiesxiependsi 
at least in part on what is commonly termed the 
public understanding of science; how that under- 
standing came to be and what it might be in the 
future depend on the ongoing proc^ses and con- 
tent of education in science and t^hnology. We 
believe that these two^aae inextricably bound up 
with each other. 

Effective communication is a basic personal ^ 
need, it is a^ a critical societal need. In both do- 
mains, the first prereouisiCe^iscpmmon under- . 
standing. U isBe4oT5^r arguable that effective 
communication about science between important 
sectors of the population is in a state of collapse. 
Neither science nor technologies based on it seem 
likely to wane in their significance to the national 
life and welfare.- If decisions relating to that signifi- 
cance are to be made democratically and wisely, 
steps must be taken to improve the general, the 
public understanding of science^ . 

Understanding of science has many levels 
and dimensions: for example: (I) understanding 
of what science is. and what it is not , including 
3oaie knowledge of the scientific approach to mat- 
ters known and unknown; (2> knowledge of some 
of the basic elements of science, including some of 
the fundamental scientific cofistructs; (3) the abil- 
ity to function effectively as a citizen in the con- 
temporary technical environment; and (4) knowl- 
edge of ''organized'* science— e.g* basic scxvince» 
applied science, and development— and informa- 
tion about the impact of science on the individual 
and on society through decision-making and pol- 
icy formation. 

The public about whose understanding we 
are concerned is, in fact, all publics— the educated 
and the uneducated in science, the voter and the 
politician, the child and the adult— because they, 
in various ways, comprise the four strata into 
which issues divide a population: the decision- 
makers, the fK)licy makers, the attentive (and, one 
hopes, informed) public, and the non-attentive 
(and, one fears, ill- or mis-informed) public. 

Any benefits that accrue to society and any 
hazards to which it is exposed because of the uses 
to which science is put will depend on value judge- 
ments made by the public or in its name: by citi- * 
zens-voters. by public representatives whom they 
elect, or by pubU officials whom they permit to be 
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appointed. Those value judgements can be no bet- 
ter than the capacity of the judgement maker to 
understand and weigh the consequences of what 
are sometimes manifold and complex scientific 
and technical options. This is the public policy di- 
piension of the public understanding of^ience. 

Thert ^re other dimensions of the public un- 
derstanding of science; a major one is economic. 
Contemporary society is ba^^ increasingly on 
thefruits of scientific and technical discovery and 
endeavor. The world arcund us is changing at 
least as rapidly as ^er oefore and in easily dis-^ ^ 
cernible ways. Both tlie quality and quantity of » 
the national life depend on the adaptive capacity ^ 
of the people, and that capacity is undesirably low 
in science-based areas. The risks are that neces- 
sary adaptation wfil be impressed on those who 
cannot understand and change, and that thereby 
the general Interest will not be served. It is critical 
to our national life that there be wide, informed, 
and intelligent participation in the determination 
of public issues. The need in areas related to sci- 
ence is at least as great as that in any other. 

Whatever is the quality of the present public 
understanding of science, it, will be affected net 
only by what is done to improve it directly, but by 
what the understanding and sophistication are of 
young people who join the adult public as they 
complete their education. It is Important that a ca- 
pable and credible voice be developed which can 
speak to government, to the academy, to industry, 
and to the people in effective ways atx>ut the qual- 
ity and quantity of education in the schools for cit- 
izens and about the preparation received there by 
students who will go on to more advanced educa- 
tion in science or a science-related field. 



Nl. A National Council on Education in Sci- 
ence and Technology should be formed to co- 
ordinate and oversee edw^itional ej^rts at 
oU levels in science and technology^bothfor 
the general education of the population and 
for the jpr^tipie of such specialties* In recog- 
nition ofe/Fsize and complexity of the task 
ofimproving education in science and under- 
standing ofitf two sub-Coimcils should be 
formed to deal with: (1) the public under- 
standing of science and technology; (2) pre- 
college education in science and technology. 
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a. The proposed National Couj:cil, if npt created 
and supported by an appropriate oflice or ofilcer of 
the United States Government, should be founded 
by representatives of the major scientifie and teehni- 
eal scK'ietiesand, at least initially, funded by them. 

b. Svieh a National Council should be a pan sci- 
entitic body. Ways might have to be developed early 
to control its size, lest it be^ome a "congri^" un- 

^teldly in numbers, bu^the National Council mem 
bel^hip should include representation from scientific 
discttSline societi?s (e.g. American Chemical Society^ 
Amyrican Physical Society), disciplinary area organi- 
zations (e.g. American Institute of Biological Sci- 
fnices). pan scientiilc organi5tations(e.g. American As- 
stx'iation for the Adva icement of Science), science 
teaching associations (e.g. National Science Teachers 
Asscx'iation, American Association of Physics 
Ttachers). amongDthers. It is important that the 
Council \yv representative, soth&t the interpenetra- 
tion and interdepi*ndenceof the various technical 



disciplines lx» ^ »rned to advantage and that articula- 
tion be improved. 

c. The Council should stimulate, study, ccxirdi- 
nate. and oversee policy development and activities 
concerned with: { I ] the public understanding of sci- 
ence and tec hnology and of their interactions with 
scKMety: (2) the improvement of the sc ience and thc^ 
science-related comj>onents of precollege education. 

In later sections of this Report, this 'Risk Force 
proposes a number of responsibilities for t hf: Na- 
tional Council in less global terms. At those points 
appropriate detail will be given of suggested ap- 
proaches and structufes. Here we emphasize tfie 
national and i^iincil aspects. A similar council 
with somewhat broader responsibilities wa^ pro- 
posed by The National Science Board Commission 
on Precollege Education in Mathematics, Science, 
and TH^hnology. 



N2: SUB-COUNCIL/COMMISSION ON PUBLIC 
UNDERSTANDING OF SCIENCE/TECHNOLOGY 

Recommendation: Formation of a sub-Council on 

Public Understanding oJScience and Technology. 



The preceding section proposes a national 
council that would coordinate the public and pro- 
fessional as^»ct^9 of education in soietice and tech- 
nology through two sub-councils— one devoted to 
the work of the formal educational system, the 
other devoted to the processes^of comnronicafton 
to and education of the general public, Presam] 
ably, the council and the sub-councils woulc^jf 
created in the same way. 

Science is popular fare these days; witness the 
rapid increa|>e diiring the last two years in the 
nurnlKT of periodicals devoted to bringing to a pre- 
. sumably numerous and widespread audience 
sound writing and pictorialization of the progress 
of science in many areas; witness the significant 
and steady increase in the number of television 
programs devoted to scientific subjects. Yet one 
wonders if the s[>eech from those pulpits is not 
s<Tmons to the committed. The understanding of 
science that languishes today is not that of the ed- 
ucated or attentive citizen whose interest has al- 
ready bi'.en gained, it is that of the unaware, inat- 
tentive citizen who has not been engaged. 

There has been substantial interdisciplinary 
cooperation in a number of efforts to improve the 
public understanding of science and the impacts 
of science and technology on society and the hu- 
rpan condition. Such activities have involved ele- 
riientsof the media, industrial institutional edu- 
tf'atlional. and scientific Establishments with little 
oTno ccK>rdination. While one would not wish to 



place a heavy controlling hand on such eflbrts. 
one might well hope to improve their efliciency 
*iand eilectiveness by fostering their coordination. 

In |>art, concern that the public understand- 
ing of science and technology is not as good as it 
should be arises in the belief by science-literate 
persons that the quality of public participation in 
the making of science-related decisions is poor: 
non-science is not distmguished from good sci- 
ence; the unscientific masquerades too easily as 
supportable and true: the declared absolute is 
heard and respected while the never-completely- 
certain reality is ur:wanted and rejected. The scf- 
ence-literate see in these signs the possibility of 
stampede instead of sound Judgement in the de- 
velopment of solutions to those problems of soci- 
ety that relate to or derive from science and tech- 
nology. 



JV2. Whether or not a NiUional Council is 
Jormed^ the equivalent of its sub<^uncil or 
Commission on Public Understanding of Sci- 
ence and Technology must be fprmed This 
body should provide siimulationf study, co- 
ordination^ and evatuation of a wide variety 
of activities designed to improve and ad- 
vance the public understanding; it should be 
an advocate for a needed change. 



a. Such a sub-Counci! or Commission should in- 
clude not only representation from the seyerai do- 
mains of professional sciencejscientiftc discipline so- 
cieties, disciplinary area organizations, pan-scientific 
organizations, science teaching associations, and ^ 
others], but membephip drawn from the informa- 
tion community fm^dia experts (print and electro- 
optical), communications organizations (e.g. Ameri- 
can Museum Association, National Association of 
Science Writers. American Library Association, Cor- 
poration for Public Broadcasting), etc.). major sup- 
port agencies INational Science Foundation, Depart 
ment of Education, the private foundations, and 
others], and major industries and industrial organi- 
zations. 

b. The initial responsibilities 6f this sub-Council 
or Commission should includ' - (a) working with the 
National Science Foundation and the National As- 



sessnient of Education iVogress to establish pro- 
grams for measuring the national, regional, and per- 
haps even state levels o! public understanding ol 
sciena^: (b) working n'ith various groups to develop a 
system for collecting and repi)rting information on 
the public understaruling of science and technology , 
(c) d^^veloping programs for evaluating and reporting 
on the total national cHort on communjcation of sci- ^ 
cnce and technology to the public and the related im- 
provement in public understanding. In addition, this 
sub-Council or Commission might: (dj sponsor or 
convene national and regional conferences on vari- 
ous aspet^-ls of communicating science to the pLrt)Uc: 
{e) sponsor the establishment of a National Center for 
\\\h\\v UnderstaTidinj^of Science which wpuUi starve 
as a stimulating fwus for research and development 
of a niulti'disclpiiuary character 



N3: SUB-COUNCIL/COMMISSION ON PRECOLLEGE 
EDUCATION IN SCIENCE AND TECHNOLOGY 

Recommendation: Formation of a Sub-Council on 

PrecoUege Education in Science and Technology. 



No natiun has turned sc consistently, so force- 
fully, and so broadly to education to prepare its 
people for informed participation In democratic 
prcx^esses as has our own, nor is it likely that that, 
reliance will diminish in the future. The present 
widespread mis- and dis-understanding of science 
is due in part to the rapid expansion of scientific 
knowledge and to the acceleration in the rate at 
which new knowledge is applied to the things and 
matters of everyday life. But, it is also due to the 
failure of the proc^esses and (likely) the listablish- 
ment of education to keep pace with that expan- 
sion and acceleration. It is fruitless to at*empt to 
fix blame for the present situation. The more im* 
portant task by far is to restore health to the pub^ 
lie understanding of science, and attention to edu- 
cation is a major portion of that task. 

Complex irjodern society demands that sci- 
ence and technology be both used and under- 
stood. The same educational apparatus that pro- 
vides the underpinning for the general and public 
understanding of science is responsible also for 
the early schooling of those who will progress 
from the learning to the ''doing*' of science— to the 
discovery of knowledge that later will be put to 
use. 

The concern of the people for the state of the 
nation s sc^hools and the educational tasks they 
are suppK>sed to accomplish has led to the forma- 
tion of a number of IxMiies charged to study the 
national system of precollege education and re- 
port their findings, plans, and recommendations 
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for action. Foremost among such b<Kiies are The 
National Commission on Excellence in Educa- 
tion and The Nation ' Science Board Commis- 
sion on Ih-ecoHege Education in Mathematics, 
S<iencc and Technology, both of which issued ex 
tensive reports in 1983. As will be seen later, the 
recommendations of this T^sk Force echo and 
build in many ways on the findings and proposals 
of those two Commissions. We believe that the 
needs they have identified must be addressed, 
that the tasks they have set must be ac<H)m- 
plished, and that the momentum of their efforts 
must not only not be lost— it must he translated 
into continuing oversight of the state of the na- 
tion's eflorts and progress in science, mathemat- 
ics, and technobgy editcation. 



2V3. Whether or not a National Council is 
formed^ the equivalent ojits sub-Council or 
Commission on Precollege Education in ^i- 
ence and Technology must be formed. This 
body should provide continuing oversight 
and evaluation of a wide variety of activities 
designed to improve and strengthen precol- 
lege education in science, and technology: it 
should be an advocate for needed change. 



a. Since this body is intended to both inherit the 
mantles and to continue bearing the burdens oi The 
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National Commi«^}on on Excellence in Education 
and The National Science Board Commission on 
l>ecoIleg€ Education in Mathematics, Science and 
Tbt^hnology in the areas of science and technology, 
at least, it is best that its composition reflect theirs. 
With appropriate addition^ emphasis on expertise 
from the several technical disciplines. 

b. The Initial responsibilities of this sub-CouncU 
or Commission should include: (a) working with the 
Natioi>al Science Foundation.and the Department of 
Education to develop Federal, etate, and local sup- 
port for efforts to improve tl^ qualifications of 
present teachers; (b) working with Federal, regional, 
and state education agencies, and with the profes- 
sional technical and teacher organizations, to coordi- 
nate and improve present systems for assessing the 
quality of precoUege education In science, mathe- 
matics, and technology; (c) developing programs for 
evaluating and reporting on the total national effort 
to improve and strengthen precollege education in 
science {including mathefnatics) and technology. 

Virtually every individual or group that has 
reported a recenf study of the problems in science 
education has proposed the formation of a na- 
tional body to spearhead improvements. While 
agreeing that the Federal Grovernment will play a 
central role in such efTorts, the several studies 
have proposed different comfxjsitions, authorities, 
and placements with respect to the Government 
of this national leading body. ^ 

A major recommendation of The National Sci- 
ence Board Commissiortr>n PrecoUege Edttcation 
in Mathematics, Science and T^hnology is that 
the President of the United States appoint imme- 
diately a "National Education Council made up of 
representatives from a cross^section of national in- 
terests." Tnis Council would "provide leadership 
in developing, coordinating and implementing 
plans to improve and maintain the quality of the 
Nation *s elementary and 'secondary education in 
mathematics, science, and technology." 

On a continuing basis, the National Education 
Council would ''identify educational goals and rec- 
ommend the changes needed in-the form and con- 
tent of education to reach these goai^nsure that 
(an) assessment m€^cha^ism . , . is developed and 
maintained for measuring and comparing student 
achievement, participation and progress toward 
these goals in every state, school district and 
school: . . . monitor and report anually to the 
American people on the status of American educa- 
tion and progress toward achieving these educa- 
tional goals . . . facilitate the^shartng of information 
about successful mathematics, science, and tech- 
nology educational programs . . . and recommend 
incentives to encourage state, local and private in- 
vestment in education." 

{The Commission recommended annual ap- 
propriations of $2.75 million to support the Coun- 
cil and $5 million to finance the assessment mech- 
anism.) 



The National Council that this Tbsk Force 
has proposed differs from that described by the 
NSB Commission in two principal respects: ours 
would be an independent body rather than a unit 
of the Executive Branch: and, its responsibilities 
would include both precoUege education and the 
more diffuse matter of the public undersLmdingof 
science^ 

A distinct advantage of the Commission's pro- 
pose Council is that it coaid be given real coordi- 
• nating authority extending beyond what are es- 
sentially advisory ro!es—and such authority may 
be important if Federal support is to be deployed 
with maximum effectiveness. An important 
strength of the Council we propose" is that it Would 
deal with the understanding of science by present 
citizens as well as future one». 

The National Science Foundation and the De- 
partment of Education are the Federal Agencies 
with major capacities and/or programs In what 
might be termed civil science education. There 
have always been a certain amount of tension be- 
tween the two over their respective roles. Those 
who believe that the National Science Foundation 
should support programs as close as possible to 
the research frontier have opposed its high school 
{and sometimes college) teacher education activi- 
ties in mathematics and science, preferring that 
the Department of Education be the responsible 
agency: similar preference has been expressed by 
th(^ who see nothing special about science and 
mathematics as scihool subjects. 
* This Tksk Force ^rees with the NSB Commis- 
sion that the National Science Foundation "has 
recognized expertise in curriculum development,'* 
and that its summer inservice Institutes "provide 
a proven model for the upgrading of teacher 
skills." The National Science Foundation can 
draw upon Che ingenuity and resources of the sci- 
entific community to solve problems in? science 
education: further, it has been very successful in 
strengthening the comf)etence of teachers whose 
duties are centered strongly on disciplinary^ub- 
ject matter— i,e., college ^nd high school facility 
members. 

On the other hand, the Department of Educa- 
tion is much more practiced in reaching the vastly 
greater number of elementary, middle, and junior 
high school teachers, whose duties are usually 
more diverse and whose professional preparation 
is less strongly focussed~and, as we will note 
later, may be very deficient in science coiitent. 

lb coordinate science education-science edu- 
cator activities of the National Science Foundation 
^d the Department of Education, a National Sci- 
ence Education Board could be cre^ed within the 
Executiw Branch of the United Smtes Govern- 
ment as an interagency unit; in addition, such a 
Board could play the informed conscience role en- 
visioned by the NSB Commission. It could easily. 
"Identify, recommend, monitor, and report," but it 
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would bv very ditFicuIt for such a bcxiy to facili- 
tate and ensure" unless it had additional authori- 
ties (suggested in Reeomniendations N i-N3) to 
"study, stimulate, overst^e. evahiate, and coordi 
nate.'* 

lb the degree that its fX)wers would depend ul- 
timately on eontrol over the purse, a National Sci , 
t*nee Edueation Ikxaf d would have to have author- 
ity to direct and ecx^rdinate thosp^aetions of their 
annual appropriations that NSF and IX)E are au- 
thorized toex|H*nd on sc ience education. And. in 



that sensi\ it would Ix* an ojxTationai as well as an 
advisory fcKxiy. A National Siicuce Education 
lioard so situated and so empxiwered eould be a 
highly eOective spt\irhead tor the many activities 
envisioned for its counterpart by the NSI? Com- 
mission, and it could play a strong intiating and 
directing role with resjxvt to Uic numerous 
teaeh^r. curriculum, and instructional materials 
improvement activities desiTibed in later sections 
of this Re}X)r!. 



N4: CHEMISTRY LITERACY AND THE AMERICAN 

CHEMICAL SOCIETY 



Recommendation: Strong ACS participation in these ejforts. 



Physic ists have expressed concern over the 
"mad sinentist" image of them that tt» frequentjy 
projected by the media; and Justifiably, chemists 
are tired of their image as df^spoilers of the world. 
The public is very much aware that "chemicals " 
{X)llu(e some {X)rtions of tli^* environment, and 
very little aware that their lives are chemical. The 
public is caught up with the potential of genetic 
manipuiation for improvements in human health 
and crop yields, but dws not know that genetic 
"engineering" is chemistry—pxxrc and not-so-sim- 
ple, 'i'he content and IxUance of the chemistry 
com|X)nent of the s(.*ienc^* literacy of the general 
population need attention. 

The American Chemical S(xnety budgets sev- 
eral hundreds of thousands of dollars annually for 
ac tivities designed to improve the public under- 
standing of science in general and chemistry in 
particular. The Councirc^omniittee on Public He- 
iations. Joint lioard-Council Committee on Chem- 
istry and Public Alfairs, and Ek)ard Committee on 
Public AHairsand Public Relations have imjxjp 
tant oversight responsibilities. The Kdu(;ation Di- 
vision, Department of Public* AlTairs. and the Of- 
fice of Public Relations, ail three of which are staQ 
activities, mount numerous programs that seek 
to improve aspects of public understanding. And 
several member groups, such as Corporation As- 
s<KMates and the Division t)f C'hemical Education, 
are vigorously active in the area. 

This 'Disk For(T b<^lieves that there is at 
present tcx) little ccK)rdination of the S<K.Mety's ac- 
tivjtit*s designed to improve the* public under- 
standing of { hemistry. Public-oriented and educ;i 



tion-oriented efforts interjx^netrate each other, but 
ihere is little reilection of this reality in the w^ay 
the Sotietys programs ojx^rate. 



N4. Within the American Chemical Society, a 
committee or task force (perhtips ad hoc) on 
public understanding of chemistry should be 
formed to: (a) provide the input for chemis- 
try to the proposed Natic^nal Council (Nl)and 
its suggested sub-Council or Commission on 
Public VnderstandingiN2)i (b) provide coor- 
dination and oversight of ACS €ictivities in 
this area; and (c) establish a sub-unit to give 
needed attention to the implementation of 
the Society's educational efforts directed to 
non-scientists. 



a. This 'Uisk Force Ix-Hcvcs that Ihv Anu-rican 
('hon)ieai S<:k lety should pUicv additional emphasis 
or) its aclivitiesas a direcl inttTpreter and advisiT to 
C^on^rrssional anci administ rative (iecislorvnuikcrs. 
atui that it should exfjafui its efforts w provide* inlor 
tnatjon U) interpreters and j><)pular!/ers()l scienre 
An appropriate AC S tK)dv should deternunc whether 
there are needs and opportuniUes for mass enmnuin- 
u'alion to tht* public that shouk! tnet by alicK^alion 
or re-direclioii ()f'S<K iety resoiirces. 

'i'he suh unu rnt-ruioncd m N4!c) is ur^t iuly 
needeci, Whether it !>e a siibcornrniUce ol the S(k u tv 
('otTiiTiitlee oi\ Education or a stalled OiTice within 
the Kdueation Division, or \H)\\\. is less unjicji tant 
than the c*reatinti nfthe locus 



er|c,o 



24 



r 



Recommendations on ALL LEVELS OF EDUCATION 

Al Improvliig the Quallflcmtlonft of Tbdmy^s Tbachers 
A2 Information Itechnologyui^ Science Education 
A3 Research in Science Education 
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One of the views held by members of this Tksk Force is that good teachers know something about the 
teaching arts AND about what they teach. 
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A 1 : IMPROVING THE QUALIFICATIONS OF TODAY^S 

TEACHERS 



Recommendation: Vigorotis and large expansion of National Science Foundation and other 

Federal programs to upgrade the quality ojscience instruction 
through direct service to teachers. 



This re{K)rt ot the m^ommendatlons of the 
Task Force is, wr hopt\ colored strongly by our 
concerns lor quality— in particular for the quality 
of the educational ex|>eriences that students have. 
At some levels of education we know exactly how 
to pursue that quality, primarily because there is 
agreement on what it is. At other levels of educa- 
tion it is more difficult to address the issue be- 
cause there are difTering views of it. Some mea- 
sure quality by how the students feel about what 
they have learned; some by what the students 
have learned; some by how the students feel 
about themselves while learning or after having 
learned. Since the learning for which we have a 
care is being done by flesh-and-blood human be- 
ings, not by intelligent automata, all of these di- 
mensions and others as well are important. 

It is important also that w^ maintain aware- 
ness that there is an ever-changing mix (varying 
with tiftie. discipline, and individuals) of what is 
taught and what is learned.' pf what is teaching 
and what is learning. However we learn, it is im- 
portant that the quality of the teaching be as high 
as possible. 

One of the views held by the membiTs of thij^ 
Tisk Force is that good teachers know something 
about the teaching arts AND about what they 
teach. Since teaching and learning have powerful 
tx^havioral aspects, it is easy to feel accomplish- 
ment and Silt isfact ion when one masters the arts, 
techniques, and some of the science of teaching 
and learning. But. just as an engine produces no ^ 
work unless fueled, so the arts of education pro- 
duce no learning unless fueled with knowledge. At 
too many levels, in too many places, about too 
many subjec^ts. those who teach dp not have suf- 
hcit^nl or new enough knowledge of subject mat- 
ter to assist sound learning. 

is* ^ 

We do not attempJ^o fix blame for this state of 
alTairs, We simply assert that present teachers 
must be helped to improve the base of knowledge 
upon which they stand to teach. Further, we as- 
sert that although some weakness of the presi^nt 
foundations of teaching may arise from imperfect 
art, much of it arises from outdated or insufTicient 
conlvui. 

During the 1 960s and un^il rather recently 
t he United States Government supported a num- 
Iht of programs designed to assist high school and 
college teachers of mathefnatics and the sciences 
to update anri^xtend the disciplinary knowledge 
on which their teaching was based. There were 
summer Institutes for both high school and col- 
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lege teachers, sc ience faculty fellowships, and sev- 
eral programs of grants for conferences and short 
courses. Thert; were consultant and visiting scien- 
tist programs, instructional scientific equipment 
grants, college Sc ience improvement programs, 
grants for summer research for undergraduates, 
etc. These programs started at the teacher-disci- 
pline interface and spread to work on curricula, 
provision of Instrumentation, fostering faculty 
and student research activities, and a variety of 
other ways of initiating and maintaining the mo- 
mentum of knowledge and skills improvement by 
individual teachers. 

Funding for these programs eventually all but 
disappeared, Therq were concerns about their ef- 
fectiveness, particularly their cost effectiveness. 
Some of the curriculum projects ran onto shoals of 
various kinds. It was difficult to demonstrate posi- 
tive results of a cluster of programs whose aggre 
gate costs were several hundreds of millions of 
dollars. Retrospectiom^has given us a different 
view: If nothing else, the teacher development pro- 
grams of the National Science Foundation ar- 
rested and for a time reversed the nationwide de 
dine in the quality of science instruction that 
l)egan before them and continues after; in educa- 
tion as in athletics, continuing capability depends 
on continued coaching and training— one has to 
run in order to stand still: and, those programs 
were among the most efiective educational coach- 
ing and training efforts tver devised or imple- 
mented. 

We think it important that then* b<* a continu- 
ing national effort to sustain teacher vitality and 
to motivate the changes in chemistry education at 
all levels that are necessary in response to the con- 
tinuous development and change in the dis^'i- 
pHne. But. the times now demand much more 
than service to just this important objective. 

In some later recommendations we will argue 
tor increased emphasis on science iit the primary 
and elementary grades, both to build in a con- 
structive way upon the natural curiosity of chil- 
dren and to assure that from the earliest years a 
foundation Is slowly and carefully built that will 
help assure that those choices and decisions re- 
lated to the facts and methods of science that 
every citizen is called upon to make or support arc 
wise ones. In other recommendations we will 
stress the need for more and better student corv 
tact with science in secondary schools and in 
higher education. 

If our recommendations for high st^ho^il and 
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collegiate curriculum content are received favor 
ably and Implemented widely, a larger fraction of 
new teachers should have the knowledge and 
skills they need to help students meet and learn 
science at every level of education. In the mean^ 
time, today 's teachers need help— and lots of it— if 
several more generations of students are not to be 
under educated {or, Vvorse, dis- or mis-educated) in 
Si lence.^^ere are many ways to help oday s 
teachers^^t^rkshops, conferences, and other in- 
service activities can reach many in a short time: 
summer or semester-long institutes can provide 
new biickground and updated experier. :e for 
thost^ requiring more thorough work; materials 
development and curriculum assistance are im- 
fxirtant too. 



A I. The Chemistry Education Jkisk Force rec- 
ommends a vigorous and large expansion qf 
National Science Foundation fmd other Fed- 
eral programs to upgrade the quality ojsci- 
ence instruction through direct service to 
teachers. Such programs should include not 
only college and high school faculty mem- 
bers (who were well served by earlier pro- 
grams of the Foundation) but also elemen- 
tary school teachers and those specialists in 
science education at all levels who will bear 
respo^sAbility in improving the science liter- 
€icy of the student and general populatior^. 
We recommend also that state and local gov- 
ernments match the federal €:ontribution by 
facilitating and supporting teacher partici- 
pation in such programs and« in due course. 



/ 

by developing their own systems for dssur- 
ing teacher impro%>ement and refreshment 



The National Science Board Commission 
on Precollege Education in Mathematics, Science 
and TKhnology has proposed a program of 
summer and in-service Institutes for teacher 
improvement that would expend $3.49 billion 
over a five year period. It was pro{>osed that Fed- 
eral suppori be half the total, the other half being 
provided by the states on a matching basis. 

The recent transfers of some costly Federal 
programs to state funding make it unlikely that 
the states will accept this particular education ob- 
ligation on the scale that is necessary, even if the 
efTcrt^Could be limited to five years. We believe 
that ^ program of this kind is a national need and 
therefore should be a Federal responsibility. Fur- 
ther, the program should be a })ermanent one, ad- 
dressing a succession of priorities as changing cir- 
cumstances warrant. 

There are neither the faculties nor the facili- 
ties to achieve the objectives of the Commission s 
proposed program in just five years. A permanent 
cluster of efforts could be phased-in over a period 
of 4-6 years, however Federal funding should be of 
the order of $200-250 miilicn each year. The 
states' 'match" of these funds will be indirei^t— 
higher teacher salaries, support of facili^es im- 
^provement, provision of more adequate equip- 
ment and supplies, etc. Such things might be 
requirrc^f the states, rather than the shared sup- 
port of direct costs envisioned by the Commis- 
sion, 



A2: INFORMATION TECHNOLOGY AND SCIENCE 

EDUCATION 

Recommendation: Expansion of Federal support ojresearch and development in the use of 

computers and other information technologies in science education. 
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McKicrn information technology— computers, 
video recording devices, inexpensive electro-opti 
cal means of storing and transmitting informa- 
tion, etc. - IS creating a wide-reaching revolution 
m the conduct and even the nature of human af- 
fairs. Work, recreation, and education are al! being 
a flee ted profoundly. 

For example, t» computer is changing 
(}ut(^Kly and drastically the ways in which com- 
merce and industry are done and the nature of 
many jobs It has enhanced greatly the effective- 



ness of sc^ientists and increased the six:>pe of scien- 
tific investigation. The new world created by the 
computer makes new demands on science educa- 
tion and, fortunately, affords the means to meet 
these and other educational demands. The whole 
science curriculum, from elementary school on- 
ward, must be c^^ged to prepare students to use 
computers at wdrk and at home as well as in the 
classroom and laboratory. 

The range of computer applications to science 
education is enormous: simulations of the behav 
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ior of che^nnral systems; mammoth database ca- 
pacity; networking of individuals, iibraries. and 
datab<\ses; diagnasls of the individual student's 
current knovy ledge, mental models, and problem- 
solving strategies. ptTmitting teachertailoring of 
appropriate learning activities; tireless tutoring: 
etc. 

Tile changes in schcx^l programs that can be 
made iK^cause of these applications cannot be eas 
iiy or lightly undertaken. AH of them, to some ex- 
tent, put the student and teacher at the mercy of 
the programmer: simulations assume that the 
programmer knows what is going to happen; diag 
no.sis is based on the programmer's knowledge o! 
syndromes and judgments concerning their ele- 
ments. 5>chools must have guidance based on re- 
search and development if they are to be confident 
of the educational effectiveness of various innova- 
tions now }x>ssibl^ and if the advanced |fc)ssibili- 
tics that go well beyond present practice are to be 
explored carnfullV, Some of the necessary re- 
sean^h and development will be carried out in the 
private sector. Btit. since private and public pur 
post's to not alwciys coincide, there is need for the 
United States Government to provide support 
here, as it dcH^ in other areas impx^rtant to the na- 
tional interest. 



A2. The United States Qovemment should 
continue and expand its role as a major sup- 
porter of research and det^elopment in the 
use of t^mputers and other information 
technologies in science educatioru including 
the establishment of a research and develop- 
ment center to explore the potential of infor- 
mation technology in science education. 



a. At prest^nt. the National Science.Foundatlon 
and the National Institute of Education are the mam 
Federal vehicles ior provision of sup{K)rt for rest^arch 
in science edMcation. H is Hkely that the Department 
of Defense and other Federal agencies, however, are 
sfx>nsc)r1ng research and development work that 
have substantial application to education. All such 
agencies should increase the number and expand 
the sup{K)rt ofjoint or cooperative research projects 
that bring together physical and life scientists, 
teachers, computer scientists, and cognitive scien- 
tists to study and develop educational appHcatlons of 
information technok>gy. B<*caust* of the number of 
diflerent disciplines involved in such activity we pro- 
pose that the Government establish a demonstration 
research and development center to explore the po- 
tential of information ttchnoU)^^- in scMence educ^a 
(ion for all tUudents 



A3: RESEARCH IN SCIENCE EDUCATION 

Recommendation: Expansion of Federal support of research in science education. 



The increased emphasis on providing sub 
stantial science educ^ation to (xil students brings 
forward questions alK)ut the proj)er objectives of 
education in science for the general student who 
will not set*k a career in science, how well these 
objectives have in-en achieved in the past, and 
how su( h achievenient can \yv improved in the 
future 

'IV'o uiajur objectives of science education are 
the growth of understanding of basic scientific 
{principles, and the development of the ability to 
use* thes^' principles in reasoning about s<:<entif ic 
matters and in s^^lving problems that arise at work 
;md in daiiv life, Content and subject matter are of 
critical ini}H)rtance to such growth and develop 
rnent and it is makeshift to rely instead on the 
short cuts which sinudation and algorithmic 
!e<irning seem to afford. 

Rcscarcfj in cogniJve science has entered a 
new and fruitful phase, yielding knowledge that 
can in\provc the IccU-tiing of science by both the 
general student and the student interested in a 
s< ien( e related career Cognitive scientists, in col- 
hdx)rati()n with scieruists and teachers in fK^veral 
dis<;ipiines, have shown, for example, thatstu- 



de ntsenter upon science instruction with their 
own mental xiuxiels of the phenomena that are 
studied. These mcxiels. based on previous obser- 
vation and experience, are often erroneous, and, 
like myths, are remarkably resistant to niCKjifica- 
tion, and often remain dominant when science in 
struction has been completed, 

Research on problem solving has shown that 
novices and more exp^ert persons ust^ quite differ 
ent approaches: an expert first analyzers the prob- 
lem in terms of t[xe principles involved, then turns 
to mathematics to complete the solution: the nov- 
ice typically seeks immediately a formula con 
necting the data provided, and is often at a loss if 
rK)ne can be found. 

The scientists and teachers piirsuing this re- 
search believe that a central objective of science 
education should bv to help students develop cor- 
rect mental models of phenomena (this recjuires 
'S}x»cific attention to modifying the tenacious erro- 
neous models the students bring with them) and 
to turn to thes<* models rather than to rote formu- 
las when confronted with a problem to be solved 

I'hese and other conclusions that c^ontinue to 
emerge irom new research in science education 
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suggest strongly that substantial modifications 
are required in existing curricula, teaching prac- 
tices, and teacher education programs, it is in the 
national interest that these changes be made and 
that further research along these promising new 
directions be supported. As in other areas of na 
tlonal importance, the principal source of re- 
search support in science education must be the 
United States Government. 



A3. The United States Government should 
continue andejqKtnd its role as the principal 
supporter of research in science education^ 
especially through ej^orts that increase the 
inter€u:tions between and among scientists* 
science educatorSf and cognitive scientists. 



a, At present, the N?Lional Science Foundation 
and the National Institute Cf Education arc the main 
Federal vehicles for provision of support for research 
in science education. These two agencies should in- 
crease the number and expand the support of joint or 
cooperative research projects which bring together 
teachers, scientists and mathematicians concerned 
with teaching in their disciplines, and cognitive sci- 
entists. Such projects have proved very fruitful in in- 
creasing our understanding of both the learning and 
teaching of science and in suggesting ways to Im- 
prove them. 

b- The Education Division of the American 
Chemical Society, the corresponding units of other 
disciplinary associations, and the proposed National 
Council (N I and N3) should encourage both the ex- 
pansion of Federal support of science education re- 
search (particularly that involving cognitive science) 
and the careful application of the results of such re- 
search to curricula, in the rla^ssroom. and in the edu- 
cation of teachers. 
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Recommendations on ELEMENTARY SCHOOL SCIENCE 

El SclentlflcSocletlesBffortin Aid of Elementary School Science 

E2 Reading, 'Ritlng, *Rithmetic, and Rscience 

E3 Guidelines for School Science Cur ricul a 

E4 Elementary School Iteachera of Science 

E5 Federal Regional Science Centers 

E6 ACS Activities in Pre-High School Chemistry Educatioii 
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First and tbrtMnost. introductory science should be based on the observation ol phenomena and dls- 
ciissions of possible causes. 



El: ^lENTIFIC SOCIETIES EFFORT IN AID OF 
ELEMENTARY SCHOOL SCIENCE 



Recommendation: Coordina^d ej^ort by scientific and engineering societies to address 

the me^ljr problems of science education in the elementary schools. 
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The principal goal of education is to create 
men and women who are capable of doing 
new things, not simply of repeating what 
other generations have done . > . who are dis- 
coverers. We need pupils who are active, who 
learn early to find out for themselves, partly 
by their own spontaneous activity and partly 

through the materials we set up for them." 
[Jean Piaget (1896^ 198 1 ), educational psy- 
chologist] 

Convincing research suggests that a great 
many young people lose their early curiosity 
about n^itural phenomena and develop negative 
attitudes about science before they reach high 
school. Yet. some teachers do generate and main- 
tain enthusiasm for science in their students; 
some s<'hools and school systems produce more 
science-interested students than others: and 
many high sc^hool graduates are science-literate 
and have demonstrably acquired that literacy 
over years of schooling. A suitable curriculum, at- 
tention to the individual needs of learners, and 
teachers who themselves have developed and sus- 
tained some enthusiasm for science, can produce 
students who, at every stage of their progress 
through the schools, have appropriate knowledge 
of science, have continuing opportunities to de- 
velop an interest in science as a career area, and 
are be coming sufilciently familiar with science to 
use it as background for their adult lives. 

That the state just described is not universal 
may* arise (ultimately) from unfortunate attitudes 
such as: lack of parental concern and support for 
learning, lack of student motivation, and wide- 
spread undervaluing of intellectual growth and 
achievement. These factors and others have cre- 
ated three major barriers to the improvement of 
elementary school science instruction and the 
bettering of the attitudes of children toward sci- 
ence: 

1 . The barrier of Insufficient time— 20 minutes 
or so ol rach sc h{x>l day {about the national average) 
is not enough: 

2. The barrier of presently inadequate rurrieu- 
hnn- in spUe of a national effort at curriculum inv 
provement some years ago; 

3. The barrier of tearhess ili-prepared to teach 
. i><itMU e and eneourage students in science. 

I.ater in this section, the Tksk Force will com- 
ment on each of these areas in more detail. 

Over the past twenty years, the National Sci- 
ence Foundation has funded a number of science 
curricuknu projects for elementary schools, in- 
chiding: SvUmce, A Process Approach: Science 
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Curriculum Improiyement Study: and Elementary 
Science Study, Evidence of the extent to which the 
products of any of these NSF-supported projects 
have been or are being used in elementary schools 
varies depending on the report and level of analy- 
sis; however, these new curricula in aggregate 
have never reached as many as a third of the ele- 
mentary school population at any time, and their 
use 1 as slowly waned as follow-up and refresh- 
ment funding has disappeared. 

Science is an incidental topic in most elemen- 
tary school curricula, and it is no surprise that 
school administrators and teacher certification 
bodies have paid little attention to the need to 
qualify teachers to communicate science in an ac- 
curate and effective manner. The same status is 
among the factors that have produced the present 
under-emphasis on this subject area which looms 
so large in the life of the nation. 

Making a substantial improvement in the 
quality of elementary school science education 
will be a formidable task, but it must be done. 
New resources and new energies must be brought 
to bear on the task. It is not enough to start with 
alarm and finish by "giving everyone the same lit- 
tle bit to bring about the same little change." This 
Tksk Force believes that the nation's associations 
of qualified technical professionals have a respon- 
sibility to provide both guidance and participatory 
leadership to a national effort to raise the quality 
and quantity of the science instruction received 
by our children. 



£1* A coordinated effort by the American 
Chemical Society and other national scien- 
tyic and engineering societies should be * 
moun^d to address three mq^r problems of 
science education in the elementary schools: 
the insi^fficient time det>oted to it; the less- 
th(m-desir€d>le quality of the curriculxmi and 
edt^ational materUils; and the lot^er-thon- 
necessary qualifications and preparation of 
the teachers charged with direct responsibil- 
ity for it 



a. This effort couid be le'i by the American Asso- 
ciation for the Advancement of Science, which has 
ionj^ given special attention to sf^ienre in the ftc:h(X5ls. 
Educational societies, such as the National Science 
Ttachers Association, could play Important roles 
also. 

b, The eentrality of chemistry to its sister sci- 
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ences and the Importance of chemical phenomena to 
every aspect of daily life require that there be a 
chemistry component to science instruction at all 
grade levels: chemistry istoo important to be left un- 
til there is time for a "unit" or "mini-course" In the 
middle or junior high school curriculum, or for a 
•course" in high school. Leadership in this aspect of 
the national task is appropriately that of the An^eri- 
can Chemical Society through instruments suc^ as 



it^^c^j 



the (governance) Society Committee on Education, 
(staff) Education Division, and (membership) Divi- 
sion of Chemical Education. 

c. We recommend that state and local teacher 
certification be dependent on regular participation in 
subject matter-oriented educational activities such 
as workshops and institutes, as well as on similar ef- 
forts directed toward improvement of skills and . 
methods. 



£2: READING, 'RITING, 'RITHMBTIC, AND RSCIBNCE 



Recommendation: An immediate national effort by scientific and engineering societies to 

add science to the present basic triad of school subjects. 

•4 



The remarkable success of "American" scien- 
tists in achieving the levels of insight, ingenuity, 
and indefatigability that lead to Nobel Prizes has 
been ascribed to everything from the flight of sci- 
entists from Nazi Germany to the superiority of 
the entrepreneurial climate fostered by the way 
science is organized and supported in the United 
States. But, few indeed are those who have laid 
the laurel wreath at the foot of the American 
school system. 

The purpose of science education in the ele- 
mentary schools ought not to be to assure future 
Nobelists of appropriate initial preparation, but it 
should not cut off that possibility. The purpose 
ought not to be to initiate the intense pre -career 
contact with science that might benefit students 
who are as excited about natural phenomena as 
some youths are about basketball, but neither . 
should their excitement go unanswered or even 
unstimulated. The purpose ought to be to give 
every student an understanding of what science is 
and is about that will permit, not inhibit, encour- 
age, not discourage, and provide a foundation for 
that entirety of school-taught science that is foun- 
dational to effective citizenship. 

There is too little science of ony kind taught 
in elementary school Since little science is 
taught, few students get enough exposure that re- 
sponds to their interest and curiosity if they have 
it, or stimulates it if they do not. The results are 
poor awareness of science and po< >r discrimina- 
tion with regard to Sieience-based matters arising 
in adult life— poor preparation for meeting the de- 
mands of life in an increasingly technologically- 
oriented environment— and many fewer students 
interested in science-related careers than is in the 
national interest. 

Comparisons with the patterns in European 
countries reveal some of our shortcomings in ele- 
mentary level science education. They devote 25-- 
30 percent of class time to instruction in science 
and mathematics, in a school year averaging 240 
days of 7-8 hours contact: ii>e^spend 20--25 per- 
cent of class time in such instruction, in a school 
year averaging 1 80 days of about 5 hours contact. 



Japan perceives that it is in the national interest 
to provide advanced education in science and en- 
gineering to two to three times as many students 
as are necessary to meet immediate employment 
demands, believing, apparently, that the worker 
in a nonscience profession who has a science 
background makes a positive contribution to the 
national welfare, including the gross national 
product. The patterns of American education, by 
contrast, are increasingly driven by short-term vo- 
cational forces. 



£2. The Americ€ai Chemlea2 Sodety and 
other national science and engineering soci- 
eties should begin an immediate national ef- 
fort toaddscience to the present basic triad 
of school subjects— rectding, writing, and ba- 
sic mathematics. 



a. U would help to increase to 25-30 percent the 
proportion of the school day that is devoted to in- 
struction in science and mathematics. Substantial 
improvement would also be attained if the percent- 
age wert: maintained while the school day were 
lengthened. Mathematics already has 45 minutes of 
the elementary school day; it is the time devoted to 
science instruction thaf must be increased. 

b. One sure way to assist the increase of atten- 
tion to science instruction in the elementary school 
curriculum is to ex|>ect science achievement on the 
part of alt students. Therefore, the testing of science 
learning must bG made a major part of any program 
of assessment of student pragress. Achievement test- 
ing is, however, but one of the mechanisms which 
must be employed to assure the quality and content 
of instruction in science (and in every other area); the 
nation does not need more time devoted \o pap. 

Finally, we observe that students car? be re- 
quired to read and write about science: no sacrifice of 
learning of communication skills is necessary in or- 
der to increase the efforts in science and mathematics. 
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E3: GUTOELINES FOR SCHOOL SCIENCE CURRICULA 



Recommendation: Development of model science progrcmisfor each grade level K-8 



rS 



A chemist thinks immediately of certain con- 
cepts and facts that ought to be taught to elemen- 
Ury school students: a physicist, biologist, astron- 
omer, or geologist might draw up a rather different 
list. There is certainly no single best way to e i- 
pose school children to science, but there are ':er- 
tain features of that exposure on which most sci- 
entists would agree. First and foremost, 
introductory science should be based on the ob- 
servation of phenomena and discussion of possi- 
ble causes. Second, students should be given the 
opportunity to carry out simple experiments (and 
watching the growth of a planted seed is an exper- 
irnent if a stxond seed is planted or grown under 
slightly ditTerent conditions). 

It seems s^ife to say that all physical scientists 
would agree that one important aspect of school 
introductory science is the observation of quanti- 
tative relationships (larger/smaller, less/more. 
faster/sIowtT). and that another is the observation 
of changes in properties (colon physical form, en- 
ergv' content, solubility). It is doubtful that ele- 
mentary schm)! students should be prepared spe- 
cifically for the wave mechanics presently (and 
inappropriately) introduced in the high school, 
but the particulate nature of matter is something 
that they should be led to understand at an early 
stage. 

In brief, there are many desiTiptive and con- 
ceptual matters that can an(i should be intro- 
duced to all students through well-designed and 



well-considered elementary sc^hool scfexice curric- 
ulum elements. 

B3. A nwdel science program for each grade 
leuel should be developed under the aus- 
pices of the National €k>uncil (N3h with each 
mqjor science society assuming responsibil- 
ity for assisting the creation of curriculum 
guideline components in its disciplinary 
area. It is critical that science instruction in 
the elementary grades be based on observa- 
tion ofpf^^iwinencLf cmd that it contain de- 
scriptivp, quantitative, and conceptual ele- 
ments. 



a. As part of its participation in the proix)sed na- 
tional dTort (El), and consistent with the objectives 
of the prestnit recommendation, the appropriate 
units of the Anieriean Chemical Stxicty should s{K)n' 
sor the development ot chemistry modules lor each 
^rade level with special eniphast^s on ease and siilely 
of use and on low msi. 

h. This Hisk Force reeorn mends that the Ameri 
can Chemical S<HMety and its sister science and engi- 
neering associations join to inform the public of the 
need for obsi^rvation bas<^d elementary seienee edu 
eation so that the icKal and state Hnancin^ lx)dies 
will Ix^ snp[>orted in their tjuesl for \hv additional 
!u!)dsthat nmy \yv required lo equip ('lassroonis and 
{)rovide instructional kits for such ''hands-on" s(*i 
enee iu tne schools. 



E4: ELEMENTARY SCHOOL TEACHERS OF SCIENCE 

Recommendation: Development of guidelines for certification of elementary school teachers 

to teach science. 



There is a critical shortage of teachers who 
are qualified to teach the science that ought to be 
in the elementary schcx)i curriculum. Few 
teachers who cio teach science in elementary 
S4*hoo!s are well prepared to do so. Neither the fis- 
cal nor psychological rewards of s(^ho<:)l leaching 
are adequate or appropnat(\ H^achers with skills 
marketable oytside education are easily tempted 
into other and more rewarding careers. 

Half of the 45 leading teacher education insti- 
tutk)ns require 8 semester hours or less of college 
level scMcnt^e in their elementary education curric 



Er|c2o 



uia. In one large school district in a reiativ(*ly 
wealthy state in the Southeast. 12 percent of the 
^teachers of elementary school science, had taken 
no coUege-k^vel science at all before starting nuis- 
ter's k*ve! degree work in education, 20 percent 
had taken no course in tfie methods of science or 
the methods of teaching scimice, and 65 percent 
had never attended an in^st^nvice seminar or work- 
shop on science teaching. Irymany staters, ekniien- 
tary and middle school teachers can be ccrtifi- 
cated with as little as one coilege^level science 
CT)urse, and in most states there is no certification 
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requirement of coursework in methbds of teach- 
ing science. Among teachers, the level of expres- 
sion of self-confidence to teach the material in the 
curriculum Is a fifth to a third as high with respect 
to srtence Instruction as it is with respect to in- 
struction in reading, social studies, or (even) 
mathematics. 



£4. This Tiask Force recoiiimendsWat the Na- 
tiontit Council (N3}f with resp^t the deueh 
opment of model science programs under 
its au^iceSf set Jbrth guidelines for certifi- 
cation of elemen^iry school teochers to 
teach science; oiui we recommend ^at those 
guidelines require of such teachers before 
certification the successful completion of at 
least 3 one-year courses in the sciences^ a 
balanced selection being required asnong 
curses in the biologicah ecarth^ and physical 
sciences. 



Curriculum guidelines and increased teacher 
certification requirements will be regarded as hur- 
dies by some who, otherwise, agree that steps 
must be taken to improve the quantity and qual- 
ity of elementary sch^x)! science teaching. Fur- 
ther, thrrc is no doubt that such components of a 
general remedy have a long-range but slow-acting 
aspect Help is needed in addition for those who 
presently teach in elementary schools, most of 
whom will continue to do so: help that, though 
continuing, is shorter-range and faster-acting. 

This Task Force believes that two kinds of 
help would be especially useful: { i ) assistance to 
teachers in the form of new curricular and in- 
structional materials: (2) assistance to teachers in 
the form of educational activities and experiences 
for them designed to strengthen their knowledge 
and understanding of science and of recent re- 
search findings on the effective teaching of sci- 
ence, and to strengthen their self-confidence to 
present science and supervise student activity in 
the classroom. 

To these ends: 



a. Further, we recommend that the National 
Council and its component scientific and engineer- 
ing societies mount programs ol puDuc miormauoii 
in support of the changes in conditipns of employ- 
ment of elementary school teachers which, in fair- 
ness, should accompany more stringent require- 
ments for their professional certiftcation— changes 
such as: compensation competitive with alternative 
careers; scholarship, tax-preference, and other finan- 
cial inducements to enter and remain in teaching; 
salary schedule advancement and tuition assistance 
for subject matter continuing education in addition 
to that derived from methods education and longev- 
ity; and released time for the special preparations 
that are necessary for the safe and effective teaching 
of science to children. 

b. We recommend that elementary school 
teachers with a specialty in science, perhaps as 
members of a teaching team, be used to provide 
sound instruction during the period in which indi- 
vidual classroom teacher preparation for science in- 
struction is t>eing brought up to adequate levels. 

c. Finally, we urge the participation of present el- 
ementary school teachers in programs designed to 
improve their knowledge of science and science 
teaching (A 1). 



£5. As many as ten Regional Science Centers 
should be established and supported by the 
United States Government to provide focal 
points for the improvement of precollege sci- 
ence education through tectcher service pro- 
grams^ curriculum and materials develop- 
ment projects, the provision of expert 
consultatian, etc. the small permanent stc^ff 
of each center should be strongly discipline- 
oriented^ and each center should serve sev- 
eral disciplines selected in view of regional 
needs* 



3. It would be appropriate that the National 
Council {N3) {a) direct the selection of the host insti- 
tution fo * each such center by formulating the selec- 
tion critei-ia and in other ways, and (b) serve as an in- 
dependent supervisory body for the who! program. 
It is very desirable that the base funding for the Sci- 
ence Centers program be provided by the National 
Science Foundation since, in this and other ways, it 



£5: FEDERAL REGIONAL SCIENCE CENTERS 

Recommendation: Establishment ojFederally supported Regional Science Centers 

as focal points for improvement of precollege science education. 
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is important that these centers have strong science 
discipline character. 

b. We believe that there should cxjntributory 
financial support to the Regional Centers from the 
\ states. The financial role of school districts and insti- 
* tutlons of higher education will be manifest in their 
partial support of teachers and faculty members as- 
signed to the Centers for limited periods. The contri- 
butions of industry to this program in the national 
interest can be the most varied of all, ranging from 
direct financial contributions, through the donation 
of other kinds of material resources, to the tempo- 
rary loan of skilled and interested professionals. 

The program of each regional center should 
be sensitive to the general and specific needs of 
the member states as well as to defined national 
objectives in science education K- 12. Th^H^fTor w 
centers should be only lightly tied together, but 
there should be free flow ^ etween them of exper- 
tise and developed products. A broad spectrum of 
science disciplines should be represented at each 
center, such diversity being necessary to meet the 
needs of both elementary and secondary schools. 
Cognitive science and information technology , 
specialists must be part of the staffing of every 
center. Center programs will have important cur 
rency and vitality if both acaderfiic and industrial 
scientists are included in the rotating stafT. 

The ( enters should be located optimally with 
respect to significant factors such as: convenience 
of access to teachers for short-term assignments; 
strong academic support by a host institution 
(which should have well-e-^tabhshed and high 
quality programs in all of the basic sciences); 
availability of laboratory, other educational and 
visitor residence facilities (though some dedicated 
to the centers would be ^'xpected to be Con- 
structed under the ofefgram as it matured). 

Ttachers s^ffot become involved in the pro- 
gnlms of the Regional Science Centers if they are 
disadvantaged financially by such partici|>ation. 
Even highly compensated health professionals 
pursue required continuing education only when 
suitable incentives are provided; greater self-sacri- 



fice should not be e?{pected of the nation s poorly 
cumpensateo and much maligned teachers. Fed- 
eral suppoi « Ty-;^ibly tied to state and school dis- 
trict support, should be made available for sum- 
mer salaries of teachers participating in institutes 
or workshops, for sabbatical leave salaries of 
teachers serving as rotating staff members, for 
univercjity and college faculty directing and carryr 
ingout staff functions, etc. We recommend that' 
state and local teacher certification be dependent 
on regular participation in educational activities 
such as the work shops and institutes which 
would be programmed by regional centers, and 
other subject matter-oriented education. 

Our view of the imjxirtance of new curricular 
and instructional materials is parallel to that of 
The National Commission on Excellence in 
Education; 

"Ttxtbooks and other tools of learning and 
teaching should be upgraded and updated to 
assure more rigorous content. We call upon 
university scientists, scholars, and members 
of professional societies, in collaboration 
with master teachers, to help in this task, as 
they did in the post-Sputnik era. They should 
assist willing publishers in developing the 
products or publish their own alternatives 
where there are pei*sistent inadequacies." 

^ — Although teacher participation in Center pro- 
grams should over time, improve school science 
instruction, the creation and dissemination of cur- 
riculum and instructional materials developed or 
st^Iected through Center activities would provide 
immediate assistance t(>a large number of school 
districts, federal budgeting for the regional cen- 
ters should mclude substantial sums for both de- 
velopment and dissemination of materials. 

It should be noted that several regional sci- 
ence centers were established imder a former NSF 
program. Their experience slrould permit avoid- 
ance of man> pitfalls in the development of the 
centers pro[x>sed here. 



E6: ACS ACTFVITIES IN PRE-HIGH SCHOOL CHEMISTRY 

EDUCATION 

Recommendation: Expansion of ACS €juf^tivities in the area ofpre-high school 

chemistry education. 



The American Chemical Society recently has 
established an OfTice of High School Chemistry in 
its (stall) Education Division to Implement a wide 
variety of programs in support of high school 
chemistry teaching, including that intended for 
the general (nonscMence oriented) student. In this 




and preceding sections of this Report, we have 
identified and proposed a number of new respon- 
sibilities that should be undertaken by the Soci- 
ety. Other responsibilities for the Society are im- 
plied by the recommendations of the 1982 ACS 
Invitational Education Workshop on Chemistry in 

3o 



the KindergarteU'through-Ninth-Grade Curric- 
ula and by the jecommendatior *s in otHer recent 
national reports, especially that of The National 
Commission oxi Excellence in Education. It is, 
therefore, appropriate, and timely that an ACS 
staff function be created to serve pre-high school 
chemistry education. 



£6. The American Chemical Soi^tety ^wuld 
ejqnmd its octipitieB in the area of pre-high 
school chemistry eduaition to implement 
the recommendatiQns ofn^cent ACS studies, 
those from other national reportSf and other 
elements of ACS scimice educatton policy as 
they apply to the pr^high school years. 



a. Initially this assignment might be given to the 
present Office of High School Chemistry making it, 
in effect, an oSlce with responsibilities covering the 
whole of preccilegc education. Experience should de- 
termine the desirability of and need for a separate of 
flee for the pre-high school activities of the Society, 

b. Among the specific responsibilities of the ex- 
panded staff function should be the stimulation of in- 
creased interaction between elementary school 
teachers with a specialty in science and both aca- 
demic and indtistrlal scientists. It should also spon- 
sor the preparation of teaching modules for use at 
various grade levels K-9, consistent with the curricu- 
lum iTcommendations of the National Council and 
presenting chemistry from a sound and balanced 
perspective appropriate to itscentrality among the 
sciencTCs. 
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Recommendations on mOH SCHOOL CHEBAISTRY AND 
SCIENCE 

H 1 A FlTe-Year Plan to Improve Chemlttry BducAtlon In the High SchooU 

H2 Ral«e Teacher Certiflcatlon Standards: Improve Quallflcatlons 

H3 Science Requirement for Hlfh School Graduation 

H4 High School Chemistry Conr sea 

H5 The Laboratory Component of High School Chemistry 




Photo: National Science Itachers Aaeoctatton 



Colleges and universities should offer at convenient times and in accessible locations those formal 
courses that would permit numbers of individuals in their service areas to complete certification re- 
quirements, pursue advanced degrees, and in other ways increase their potential as knowledgable 
and qualified high school teachers. 



HI: A FIVE-YEAR PLAN to IMPROVE CHEMISTRY 
EDUCATION IN THE HIGH SCHOOLS 

Recommendation: Creation of an ACS 5-year plan to impj-ove chemistry education nationwide 

in the high schools. 

'.{ 

pernicipus because it does implant the notion that 
somebd^ already knows ail the answers); oppor- 
tunities students to study chemical chang? 
through tn^ir own efforts !h proF>erly equipped in- 
structional^boratories are decreasing. 



No level of science education has attracted 
more numerous expressions of concern and more 
varied suggestions for remedy during the vi^ork of 
this T^k Force than the high school level High 
school is where the science awareness and science 
literacy of students can be powerfully advanced 
by the simultaneous application to subject matter 
and {ssueK>riented material of all the learning 
skills deyeloped tbti^at time. High school is where 
serious interests devtelop, the general areas in 
which careers might be pursuedare explored, and 
where tentative choices are made: High school is 
where those with a particular orientation can be 
exposed to work supporting that orientation— to 
study that demands of them some rigor, intensity, 
and sophistication of effort, and rewards them 
with achievement and senses of accomplishment 
and identification. 

At present, science education in the high 
sc hools taken as a group reflects neither the per- 
sonal significance nor the national importance of 
the subject. 

The shortage of properly quaUQed teachere is 
well doc^umented; many now in servic?^ appear to 
have had training that is at best marginal for the 
demands of current science instruction ; few are 
compensated at levels appropriate to the impor- 
tance of their efforts or competitive with other and 
increasingly attractive opportunities. 

There are only inadequate resources and pro- 
grams available for the refreshment and upgrad- 
ing o^ the background of those effective and inter- 
ested science teachers who elect to remain in the 
high schools: indeed, the national effort in support 
of such programs has waned just as the national 
dependence on its results has waxed. 

There are excellent programs in chemistry 
that work for the most strongly mdfffvated stu- 
dents, including many who will elect a career in 
science, but these fine programs appear to be less 
effective for those with nascent potential in sci- 
ence. The challenging courses that are gener- 
ally available fail to motivate high ability students 
sufficiently to make even a tentative choice of one 
of the chemical sciences as a career. Further stu- 
dents without career interests in science do not, in 
general, receive instruction in chemistry ade- 
quate for discTiminating and intelligent citizen- 
ship. 

Chemistry and other laboratory sciences are 
often taught as if they were done and over with, in- 
stead of being presented as open-ended and exper- 
imental fields {computer simulation is especially 



Hh The American Chemical Society*sDivu 
siom of ChemUMl Education and the Society 
Committee on Education^ in consultation 
with appropriate other bodies and individ- 
uols, e^ecially high school chemistry 
teacherSf should create a 5-year plan for us- 
ing aoailable and exp^^d resources to im- 
prove chemistry education nationwide in the 
high schools. This plan should provide a pri- 
ority listb^ofgoaiSp programst and activi- 
tiesfi^r pursuit during floe years by the edu- 
cation components of the Society^ and should 
relate to likely and desir€Lble program^ sup- 
ported by the United Spates €Sopemment^ by 
state governments, and by private industry. 



The most critical areas in need of attention 
are the quality of the teacher, the quality of the 
content of chemistry courses, and the (}ualily of 
the experience afforded to all students. 

a. We recommend also, that the American 
Chemical Society s Committee on Education, in con- 
cert wUh selected representatives of the Society 's 
governance and operating structure, develop ma« 
chinery that will enable chemists to influence appro 
priately and significantly the planning, develop- 
ment, and implementation of the forthcoming 
changes in science education, especially at the high 
school level, that will follow upon the recommenda^ 
tionsof The National Commission on Excellence in 
Education {which reported in April 1983) and The 
National Science Board Commission on Precoliegc 
Education in Mathematics. Science, and Technology 
(which reported in September 1983). 

W|ii!e it is unlikely that the Society could, at 
this tim^ undertake high school chemistry program 
approval it should do more to add force to its recom- 
mendations for teacher preparation and continuing 
education. Education committees of ACS Iwal jht 
tions might be willing to assist high schools in their 
areas and work for public support of better che -nis* 
iny education in their communities. The most p^)wer 
fui force for educational improvement is an informed 
and aroused constituency. 
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H2: RAISE TEACHER CERHFICATION STANDARX>S: 

IMPROVE gU ALIFIO^TIONS 

Recommendation: A national ejffbrt to raise teacher certification stcndards in science 

and mathematit^ €Uid to secure adherence to such standards. 



The majority of secondary school teachers 
certified to teach chemistry are competent to 
teach basic chemical principles and to present the 
existing curriculum effectively and with under- 
standing. But even such teachers need ways of 
maintaining and advancing their professional . 
skills beyond those that are conveniently available 
at this time. Unfortunately, the vast majority of 
secondary school students are not being taught 
chemistry by certificated teachers of chemistry— 
they are being taught by persons who have mini- 
mal background in the subject and little if any 
qualification to maintain and advance their work- 
ing familiarity with it, however acquired. As there 
is fc' critical mass in explosions, so is there a criti- 
cal an\gunt of background necessary before 
teachers at any level can be self-sustaining in up- 
dating their skills in and refreshing their knowl- 
edge of any subject. Most persons who teach , 
chemistry in the secondary schools today do not 
have that critical amount of background in chem- 
istry. 

According to recent surveys and samplings: 
over half of newly appointed science teachers have 
qualifications less than the often low existing state 
standards: among teachers whose class assign- 
ments are ar least haif in science courses, 32 per 
cent majored in a science; and, the number of stu- 
dents graduating each year with majors in science 
instruction (which is short of the optimal prepara- 
tion for high school science teaching) is less than 
the need in 40 of the 50 states. 

It is clear that standards for certification of 
teachers to teach science must be increased, that 
present t^stefeers must be assisted to maintain and 
improve their science-related professional skills, 
and that present and future teachers must be af- 
forded the status and compensation which are 
among the most powerful incentives to keeping 
good teachers in good schools instead of losing 
them to satisfying employment outside education. 
The present mismatch between necessary and ac- 
tual qualifications and numbers of high school 
teachers of science, especially chemistry, must no 
longer be tolerated. 



H2: The National Council (Nlh the AmerU^n 
Chemical Society^ other science societies, 
and the appropriate agencies of the United 
States Qot^emment should work more 
closely and morejorcejully with state educa- 
tion agencies: (a) to raise teacher c^tifica" 
tion standards in science and mathemutics; 



and (b} to set limits on administrative use of 
emergency or temponzry ^rt^fication 
(which tends to continue indefinitely} of per* 
sons underqual^ied to o£per sound science 
instruction. lb the farmer end^ the American 
Chemical Socie^ should review and update 
its 1977 ^'Guidelines and Recommenda^ns 
for the Preparation and Continuing Educ- 
tion ofSewndary School Itechers of {Chem- 
istry to the tatter, the Society should in- 
crease its own ejffbrts to bring into high 
school te€iching professional scientists who 
are qualified in science education. 



No matter what improvements in the high 
school scienr'e curriculum are devised and imple- 
mented to increase the science awareness and lit- 
eracy of students, or to furnish a basis for their se- 
rious consideration of science-related careers, it is 
the high school science teacher who will present 
that curriculum and whose qualifications will, in 
large part, determine its success. In earlier sec- 
tions of this report, the Tksk Force urged immedi- 
ate action of two fronts to increase the oppor- 
tunities for updating and upgrading the science- 
related professional comf^tencies of high school 
teachers of science, including chemistry: 
in Section Al, the whole panoply of programs of 
teacher improvement funded by the National Sci- 
ence Foundation: in Section E5, Regional Science 
Centers, which have a role to play in the improve- 
ment of secondary school science instruction at 
least as significant as their role in elementary 
school science education. An even greater variety 
of opportunities needs to be made available, be- 
cause of the diversity of the personal and profes- 
sional situations of individual high school 
teachers. 

a. Sound preparation for teaching chemistry in 
high school is similar to the content of the under- 
graduate liberal arts major in chemistry (30-35 se- 
mester hours of chemistry, iO-- 1 5 of physics, 10-15 ' 
of mathematics, and substantial work in English and 
a foreign language) plus professional work in prepa- 
ration for teaching In general and for teaching labo- 
ratory-centen?d science In particular {12- 18 hours). 

b, Workshops should be offered for college or 
other acceptable credit that would allow high school 

, chemistry teachers, through even? ig, Saturday, or 
summer attendance, to become mo^'e knowledgeable 
in the field of chemistry. Updating ai d strengthening 
of information on basic concepts, ap plications of 
chemistry, and Chemical facts are cs{>ecially useful 
and needed. 
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c. Colleges and universities should offer at con- 
venient times and in accessible locations those for- 
mal courses that would j>ermit numbers of individ- 
uals in their service areas to complete certification 
requirements, pursue advanced degrees, and in 
other ways increase their potential as knowledgeable 
and qualined high school chemistry teachers. Simi- 
lar programs, especially in the area of professional 
education, should be made available to professional 
scientists who wish, upon retirement or at other 
times, to assist the national effort to improve high 
school science instruction by t>ecoming qualified 
high school teachers themselves, full- or part-time. 
[An example of such a program is that in St. Louis 
sponsored jointly by the Monsanto Company and 
Washington University] 

d. We ret>ommend that the National Council and 
its component scientific and engineering societies 
mount programs of public information in support of 
ihe changes in conditions of employment of high 

sc hool teachers necessary to attract qualified per- 
sons to such teaching and to retain them there. 
These changes include: compensation competitive 
with alternative cafeers; scholarship, tax-preference, 
and other financial inducements to enter and remain 
In tt^aching; salary schedule advancement and tui- 
tion assistance for subject matter continuing euuca- 
tion in addition to that derived from methods educa- 
tion and longevity^ released time for the special 
preparations that are necessary for the safe and ef- 
lecttve teaching of science at the high school level: 



and the allocations of both personal assistance and 
material resources to the Taboratory component of 
instruction required for its effectiveness and safety. 

e. Because optimally-prepared high school 
chemistry teachers who keep abreast of their science 
are attractive to other employers, it would be in the 
national Interest for such employers to work with 
school districts and individual teachers to develop 
programs that share these scarce persons between 
academic and pri*^ate sector employment. Summer 
positions in industrial laboratories have long been 
available to qualified high school teachers; we com- 
mend such arrangements and urge their substantial 
increase and expansion. Industry can do much in 
other ways: by supporting special equipment needs, 
sponsoring awards for both student and teacher ex- 
cellence, and by makihg its interested and qualified 
personnel available to the nation's schools. (It is grat- 
ifying that Congress is now considering several 
pieix'S of legislation that would support su^h indus- 
try involvement in the improvement of science edu^ 
catidn.) 

f. The overall-effectiveness of education in sci- 
ence would be improved significantly by closer inter 
actions between high school and college faculties. 
TheTksk Force recommends strongly that individual 
colleges and universities assume leadership in devet- 
oping opportunities for such interactions. In the field 
of chemistry, the local sections (membership) of the 
American Chemical Society could provide interested 
and qualified pt^rsons to assist these efforts. 



H3: SCIENCE REQUIREMENT FOR HIGH SCHOOL 

GRADUATION 

Recommendation: Adoption oja national minimum standard that 3 years of science taught 

with laboratory and 3 years of mathematics be required for graduation 
from high schooL 



For twenty years or more, academic require- 
ments for graduation from high school have been 
steadily eroded. There Lire many reasons for this 
trend, and the forms taken by the erosion are sim- 
ilarly diverse. Science has been an important as- 
pect of the national life for over a century, and its 
im{K)rtance continues to increase. It is in the high 
schcx)! that society has its last opportunity to as- 
sure that all its future adult citizens have ^.sound 
basis in science for citizenship. It is in the high 
s< h(X)l that students become aware of the exist* 
ence of the enormous number of career opportuni- 
ties that depend to some substantial degree on the 
acquisition of foundational knowledge of discipli- 
nary science. And. it is in high school where stu- 

IS 



dents can first be shown, through application of 
the learning skills already^acquircd, something of 
the structure and detail of the great disciplinary 
areas, science foremost among them. 

The address of s(W^ie of these objectives for all 
students and all of these objectives for some stu- 
dents requires real contact with at least the three 
great central sciences— biology, chemistry, and 
physics. We do not argue for any particular ap- 
proach to any of them, for '*equal time," or for any 
one sequence. We do argue that all students 
should be exposed to all three of them and that 
there shouki be hands-on laboratory experience in 
all three of them. 
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H3. The National Council (Nl) supported by 
the American Chemical Society and other 
science societies should work closely and 
forcejullg with state school boards and other 
education agencies toward a national mini- 
mum standard that 3 years of mathematics 
and years ojscience taught with labora- 
tory be requiredjor graduation Jrom high 
school the latter including substantial 
amounts ojbiology, chemistry^ andphysics. 



a This \no]x)svd standard 1^ conslstrni with 
H<'iH)rnnK*ndation A (curriculum content) of The Na 
I !^\nal Commission on Kxcelicnce in Education Wc 
wr^H- mnncdlatc c!lt)rt towards its adoption. 

b Parallel to the need for siibstanttal s<-itMU c u\ 



the hi^h s<*h(x>! curriculum is that tor improved guid- 
ance ol students by high Hch(K)i counselors as to the 
career op}K)rlunities related to that sciefv; e nistrue 
tion. The s^^ence societies have an obiigailon tg ini- 
prove and extend their s^Tvices to high schcx^l coun- 
selors through updatmgot then present ink)rrnation 
tnaterials, provision for counselor workshops, and 
other means ofestabHshing ai. . maintaining etlec- 
tivc commiuncation iK'tween tiie present and poten 
tia! workers in s<-ience' related cK'cupations. 

c. We recommend also tlial high sch<H)l guid^ince 
counsehng so ct)nd\icted that sludeiUsare made 
aware earlv that ciH^rij career preparation ot lasting 
value requires a stujuence ul comiTiitments over the 
high sch(X)l years and Ix-yond. High school curricula 
should be broad and general s^) that options are not 
madvertentiv ioreclos<:d. This is an esiH*<Mally stTi- 
ous problem in technical areas Ix'cause the ability of 
colleges and universities to remedy omissions kom 
\ he tiigh st tux)! years is decreasing ra{)idiv 



H4: HIGH SCHCX)L CHEMISTRY COURSES 

Recommendation: Study of changes necessary to improve the high school 

chemistry curriculum. 



Karhcr WfVloted that the present high schcxil 
sciciu c curriculum appears to work lor the most 
strongly motivated students, but not tor those 
whose interest in science is nascent or (quiescent. 
Part oi th'j problem seems to lie in the apparent 
necessitv tor rnanv high schools to oiler just one 
{ heinistrv course. EspHrially if some sigmfican! 
exposure toehennstry, irteluciing laboratory- is to 
b< re()Uired ot all students, some arvomniodat ion 
;nust t>e made to the lac! that a majority may not 
pursu<' rm)re advanced study of chemistry, 

At least twoditlerent types ot high school 
chemistry coursescoidd be developed and otfered. 
One would Ix* a course intended to convey to the 
nonscience' student some of the structure and de 
tail ol modern c hemistry, >Mth emphases on the 
{ hemisTrv th<it is involved in the phenomena ot 
everyday lile; how chemistry issiniilar toother 
s( u iu cs. related to them, and differs from theni: 
what national problems aiui opportumties tiave a 
siiJmficant chemistry component. The other 
wouki be a truly modt»rn course that wouki give 
an intrcxiucfion to ch(^mistry to those students 
who are likely to make career choices that will re- 
(pure additiotKii t(M rna! vv^rk in the science: it 
wouUi ( over the siime genera! topics as ihv course 
to: nons( icfu (' students, but wouki eitipfjasi/e 
ehetnica! hict. \hv waysot establishing chemical 
tact, the ways of organizing ehemic^al fact, and 
would mtr(xiuce the students to the diflcrent wavs 
ot thinking about chennca! knowledge 

Hoili o) these courses T('(|uire altenuon Irum 
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the chiMnical })rofession itsel!. and should not be 
developed by high sch(H)l teachers only, college 
ami unu'crsity teachers only, or even by a combi- 
tuition of just these two grcnips, 

We reeogni/e that our beiiets about chemistry 
courses may not have the univers<il ser\ i( t ability 
we ho[)e tor them Th<Te1ore 



H4. The National Council (Nl) should guide a 
study by the American Chemical Society, 
with appropriate contributiojis from soci- 
eties centered in sister disciplines^ of the 
high school chemistry curriculum and rec- 
ommend such changes as are found neces- 
sary to improt>e the effectiveness and utility 
of that curriculum. Resources should be de- 
veloped to encourage high schools with suf- 
ficient enrollment to offer two (or more) dif- 
ferent chemistry courses, to meet the needs 
of different major fractions of their students. 



<t. \\\ cru'ouiage cNperinientation with waysol 
mcoj-poratuig t [lemlstry into the dt^scnption oi phe- 
nomena widely throughout the entue school curncu- 
lum so that, as students approach upper-level 
( ourses. they have sufficient background tf) make jn- 
M ihgi nt ( holces among the difTerent kinds ot du-m- 
isirv courses available to them, and that those 
( lu)ires ar<- not tor(M^ios<'d 



29 



b. We discourage as strongly as possible develop- 
ments in high school chemistry courses which make 
them into descriptive, elementary, or warm-up ver- 
sions of the first year college chemistry courses. In- 
troductory college chemistry has its own problems 
and the widespread emulation of its content tn high 
^K h€x>l courses, and. worse, in texts intended for 
them, is a disservice to many students at both levels. 
Perhaps the most salutary result of closer Jnterac 
tions Ix'tween college and high schcx)! chemistry fac- 
ulty memlx'rs would be spreading agreement on the 



division of the tasks we share. 

c. High school chemistry courses should have 
the characteristics recommended by The National 
Comniission on Excellence in Education: The 
teaching of science in high school should provide 
graduates with an introduction to: {a) the concepts, 
laws, and processes of the . . . sciences: (b) the meth- 
ods of scientific inquiry and reasoning; (c) the appli 
cation of scientific knowledge to everyday life: and 
(d) the s<Kial and environmental implications of sci- 
entific and technological development. " 



H5: THE LABORATORY COMPONENT OF fflGH SCHOOL 

CHEMISTRY . 

Recommeniiution: Adoption of a guideline that at least 30 percent ojclass time be devoted to 

laboratory exercises in the high school chemistry curriculum. 

and effective mode of instruction) are the only op- 



"While reading a textbook of chemis- 
try. I came upon the statement, 'nitric 
acid acts upon copper . . . and I deter- 
mined to see what this meant . . . Having 
Uk ated sc)me nitric acid, ... I had only to 
learn what the words 'act upon* meant . . . 
In the interest of knowledge I was even 
willing; to sacrifice one of the few copper 
cents then in rny possession. I put one of 
them on the table; opened the bottle 
marked nitric acid*, poured some of the 
liquid on the copper; and prepared to 
make an obs^-rvation. But what was this 
wonderful thin^i which i beheld? The cent 
had already changed, and it was no smai! 
change either A greenish blue liquid 
fornu^d and fumed over the cent on the ta- 
ble The air became colored dark red . . . 
!iow should 1 stop this? I tried by picking 
the cent up and throwing it out the win- 
dow ,1 learned another fact; nitric acid 
acts u[K)n fingers. The pain led to another 
unpremeditated experiment. I drew my 
.fingers acToss my trousers and discovered 
nitric acid acts upon trousers . . . That 
was the most impressive experiment . . . i 
have ever performed. I tell of it even now 
with interest, it was a revelation to me. 
Plainly the only way to learn about such 
remarkable kinds of action is to see the 
(csiilts. to ex{)eriment, to work in a iab{> 
ratory • ffra Remsen ( 1 846-- 1927), educa- 
tor, chemist i 

Clu^mistrv is a laboratory science, But, as 
teacher qualifications have declined and costs 
have increased, the amount of time devoted to stu- 
dent labf)ratory exercises in high schcol chemis- 
try has decreased steadily. In many schools, dem- 
onstrations bv the teacher (always an important 



portunities afforded students to observe the phe 
nomena of chemistry. Chemistry is an experimen- 
tal science. Its great attraction as intellectual 
experience and training is that even a beginner 
can carry out experiments thai yield observations 
to be interpreted and explained. With even a little 
experience, a student can make measurements of 
chemical phenomena and learn the techniques for 
converting quantitative data into testable hyix^th- 
eses. 

Recently, computer simulation of lalx)ratory 
exercises has st^emed to afford relief from the 
costs and logistical problems associated with the 
maintenance and conduct of student laboratory 
work, particularly in high schools. The novelty 
and attractiveness of some computer simulations 
cannot be doubted, but neither can their inappro- 
priateness as a substitute for hands-on student 
laboratory experience. The computer does have a 
place in the chemical laboratory: as a data proces- 
sor, to permit unusual and effective display of the 
results of student observations, as a tutor in meth- 
ods and procedures, and as evaluator of learning 
and understanding; but computer simulation is , ^ 
not a desirable or effective substitute for direct cf^ 
p€*rience with the behavior of chemical systems. ^ 

HS(. The Ttisk Force recommends th^t any 
American Chemical Society guideline Jo ^ the 
high school chemistry curriculum provide 
that at lectst 30 percent of class time be de- 
voted to student laboratory exercises. The 
Society's education bodies should study the 
costs OS well as the content of laboratory in- 
struction and recommend ways in which ef- 
fectiveness can be maintained when re- 
sources are limited. 
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a. ft Is possible that soine of the rapid increase in 
high school laboratory costs stre the result of imita- 
tion there of the kinds of exercises done in the first 
year general chemistry laboratories in colleges and 
uriiversitics. Colleges and universities are under the 
same kinds of fiscal pressures expei^nced by school 
districts; neit her should do the work of the other. Ac- 
ademic chemists should join with interested chem- 
ists from industry to develop laboratory exercises for 
both school and college cx)urscs that are faithful to 



the content of modern chemistry without requiring 
its sophisticated instrumentation. 

Surveys which have included students show 
that they are enthusiastic about laboratory work— in 
all high school science courses, not just chemistry. It 
is important that constructive educational use be 
made of the enthusiasm, esptnMally since this finding 
is independent of whether the student is self-classi- 
fied as "science-oriented" or 'general/' 
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Recommendations on TWO-YEAR COLLEGE CHEMISTRY 
AND CHEMICAL TECHNOLOGY 

T 1 Ameiican Chemical Society QuldeUeet for Chemistry In the IWo-Tear Colleges 
T2 Outreach and Conanltatloa La Aid of Instructional Improirement 
T3 American Chemical Society Approval of Chemical Itechnology Programs 
T4 ACS Approval of Other IWo-Tear College Programs In Chemistry 




The American two-year college . . . must meet the high standards of 
thase who accept its output . . . 
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T 1: AMERICAN CHEMICAL SOCIETY GUIDELINES FOR 
CHEMISTRY IN THE TWO-YEAR COLLEGES 

Recommendation: Revision of the ACS 1 970 

"^Guidelines for Chemistry in the Two-Year Colleges^ 



The American two-year coliege has the most 
diverse and perhaps the most demanding constit- 
uencies of any of the kinds of educational institu- 
tions flourishing in the United States today. In 
every dimension it is complex and broad. |t is 
called upon to prepare students for specific occu- 
pations and for transfer to four-year institutions; it 
must meet the high standards of those who accept 
its output while repairing the eflects of too low 
standards employed by those who produce its in- 
put: it enjoys both multiple financial support and 
multiple bureaucratic oversight; and, in addition, 
it must meet the self-defined educational needs of 
a substantial fraction of the adult population. 

The implications of these characteristics for 
two-year college instruction in chemistry have 
been examined several times. Notable among 
such studies were the 1969 Conference on Sci- 
ence in (he T\ix>-Year College (sponsored by sev- 
eral of the then extant science commissions) and 
the 1980 review {supported by the National Sci- 
ence Foundation) by the Center for the Study of 
Community Colleges resulting in the report ^'Sci- 
ence Education in TiiK>Year Colleges: Chemis- 
try,' liowever. there is little evidence that their 
recommendations, which were published widely, 
were utilized by such colleges or their parent sys- 
tems to improve or even to maintain the quality of 
< ht inistry or other science insiruction programs. 

The American Chemical Society, after a thor- 
ough study, published in 1970 a set of Guidelines 
jar Chemistry in the Tllk} Year Colleges, some- 
what analogous to that for undergraduate profes- 
sional education in chemistry published by the 
S<KMety*s ('onunittee on FYofessional TVaining. Be- 



cause there was no implementation monitoring or 
cx)mpliance review mechanism established^ analo- 
gous to the Committee's approval program for un- 
dergraduate pre-professional curricula, the 1970 
Guidelines have not had the beneficial effects ex- 
pected of them. 

Recommendation T l and others that follow 
recognize the need to update the 1970 Guidelines 
and, by developing an action plan for their utiliza- 
tion, make them an effective instrument for in- 
structional improvement. 



Tl. The American Chemical Society (Commit- 
tee on Education should undertake to revise 
the 1970 "^Guidelines for Chemistry in the 
Two-Year Colleges^^ to rejled the diversity of 
chemistry education responsibilities that 
have become the norm for individual two- 
year colleges in the post IS years. 



a. This revision should reflect the comprchen' 
sive nature of two-year college c hemistry programs 
rattuT than be limited to the transfer programs lor In- 
tended chemistry majors. Further, the revision 
should address two major issues which have speclai 
intensity in the two-year colleges: standards for stu- 
dent performance, and adequate funding require- 
ments. 

b. If there is to be acceptance and utilixatton of 
the revised Guidvlines. they should be accompanied' 
by suggestions of the appropriate audiences to re- 
ceive them and effective methods for their imple- 
mentation at the departmental, institutional, and 
system levels, ^ 



T2 : OUTREACH AND CONSULTATIOH IN AID OF 
INSTRUCTIONAL IMPROVEMENT 

Recommendation: Development by ACS of an outreach and €^nsultation program 

to assist improvement of chemistry programs in two-year colleges. 



Ik-cause of their internal diversity and com- 
plexity, two year colleges present difficult man- 
agement problems. Few of their top administra- 
tors have science or engineering backgrovmds. 
"Guidelines.*' and other forms of "approval** or 
**accredltati(m** standards, justifiably can be 
viewed with suspicion. The American Chemical 
SmMety has a long and distinguished record of 
non-CfK'rcive encouragement of and support for 




the maintenance and improvement of quality 
chemistry education at the undergraduate level 
Since the two-year coileges are an important frac- 
tion of the national apparatus for undergraduate 
education, the Society should take steps to bring 
to them the same kind ol outreach and consultation 
in aid of instructional improvement that has been 
available to institutions awarding the baccalaure- 
ate degree. 
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T2. Thi? American Chemical Society should 
develop an outreach an<i consultation pro- 
gram that would make the expertise of the 
Society sUnffcmdmembersh^ moreejffisc- 
tively iwaiiable to two-^^ar college adminis- 
trators whose institutions are eng€iged in 
substantial ejgbrts to improve the quality of 
their chemistry programs^ 



a. In support of such activities, it would be desir- 
able for the National Council and its component dis- 



cipline-related associations to undertake studies of 
the special cc^ts needed to maintain science instruc- 
tional programs of the ntxessary quality, so that 
such information is available to administrators and 
consultants. Further these studies might well give 
attention to the development of new approaches to 
funding these special costs. Local industry, a major 
employer of the occupationally-educated two-year 
college graduatC'^as been a generous supplier of 
nearly-state-of-the-art equipment to such educa- 
tional programs. These efforts need to be expanded, 
and th&ir analogue for academic transfer program in- 
strumentation and equipment needs must be devel- 
oped. 



T3: AMERICAN CHEMICAL SOCIETY APPROVAL OF 
CHEBUCAL TECHNOL^ Y PROGRAMS 

Recommendation: Establishment oftm ACS opproml service 

for Clwmical Technology programs. 



Chemistry programs of two-year colleges are 
not among those eligible for the review and ap- 
proval system for undergraduate pre-professionai 
instruction carried out by the American Chemical 
Society's Committee on Professional TYaining, 
The review of such programs by regional accredit- 
ing bodies or by state two-year college boards is 
usually cursory, may be minimal is often carried 
out by persons who have neither science nor 
chemistry background, and is not done with re- 
spect to guidelines that have been accepted or 
generated by the chemistry education commu- 
nity. 

Wr believe that many benefits would flow 
from Initiation by the American Chemical Society 
of a program approval activity directed to the 
needs of the two-year colleges. Institutions should 
have the opportunity, after careful internal self- 
evaluation, for external review of program, pro- 
gress, and planning, by qualified chemistry edu- 
cators working from guidelines developed and 
acc epted by the chemistry education community. 

Because of the great diversity of curricular 
needs addressed by two-year colleges, it is impor- 
tant that^^ijch a program approval activity de- 
velop gradually, covering first those curricula that 



are well defined, then those less highly struc- 
tured. 



T3, When the Revised Guidelines (Tl ) have 
been published and the outreach and consul- 
tation program (T2) is functioning, the 
American Chemical Society should under- 
take to certyy/approt>e Chemical Txhnology 
programs in two-year alleges at the request 
of such institutions. 



a. Like the present program of the ACS Commit- 
tee on l^fessional TVaining, this activity in support 
of quality chemistry education in the two-year col- 
leges should lyc voluntary on the part of the institu- 
tions and based on curriculum guidelines and review 
procedures that have been developed carefully and 
sensitively by highly qualified chemistry educators 
working closely with representatives of across-sec- 
lion of employers of chemical technicians. 

b. A useful first step could be to offer the (^jpor- 
tunity to two-year colleges for external review of 
their own self-evaluations conducted in light of the 
published Guidelines, 



T4: AMERICAN CHEMICAL SOCIETY APPROVAL OF OTHER 
TWO-YEAR COLLEGE PROGRAMS IN CHEMISTRY 
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Recommendation: Development of an ACS approval service for college transfer and other two- 
year coUege chemistry programs at the request of such institutions. 



Chemical Technology programs are relatively 
few in number and there is some agreement as to 
their level and content, though all of which we are 



aware interact flexibly with local and regional em- 
ployers to assure a reasonable match between spe- 
cialized components of the programs and the re- 
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quirements of changing employment opportun- 
ities. The college transfer programs offered by 
■ two-year colleges are much more numerous and 
are influenced in much more detail by the neces- 
sity to maintain reasonable correspondence Ix;- 
tween their content and that of related programs 
of instruction in the colleges and universities to 
which students transfer at the end of one or two 
years. When students may transfer to any of sev- 
eral institutions, as is alm(»t always the case, the 
demands made upon the ingenuity and skill of 
two-year college faculties are considerable. 

Because of this pluralism and variety, many 
have discouraged the Society from extending to 
the two-year colleges the kind of direction and as- 
sistance implied for four-year institutions by the 
GuideHnes of the ACS Committee on Professional 



TVaining. But. because two-year colleges are a part 
of the higher education system that eventually 
graduates baccalaureate chemists, we believe that 
that extension should occur— and on the same ba- 
sis: at the invitation of the institution, when it has 
determined that it wishes to be rated against the 
appropriate guidelines. 



T4. When Recommendations Tl, T2, and T3 
have been implemented, the American Ch^- 
ical Society shotdd undsrUike to certify/ap- 
prove college-trantfer and other chemistry 
programs in two-year colleges at the request 
of such institutions. 
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(. . . a chemistry course] should represent a significant Intellectual 
challenge; It should present substantial information on the properties 
and reactions of real materials . . . 



Ul. U2: COLLEGE ADMISSION AND GRADUATION 
REQUIREMENTS IN SCIENCE 

Recommendation: Nationcd effi>rt to attain acceptance of a requirement Jbr admission to 

colleges and universities of at least 3 years of laboratory science and 3 
years of mcUhematit^ taken in grades 9^ 12. 

ReiMmmendation: National ej^ort to cLSSure that the laboratory science requirement for any 

baccalaureate degree is at least Wg^rcentofthe undergraduate credit that 
must be earned by the student 



The thoughtless early specialization and 
strong vocationalism that now characterize both 
secondary and collegiate education in the United 
States have eroded many aspects of liberaL educa- 
tion and deprive students of its life-long benefits. 
We are^ympathetic to those who projx>se restora- 
tion to the school curriculum of real contact with 
more than excerpts from the great literature of the 
world (and not just in our own language), addition 
to it of significant exploration of the fine arts, and 
elimination from it of needless repetition of self- 
centering concerns; and to thosfe who propose the 
corollary changes in the degree programs of col- 
leges and universities. Further, we believe that 
both school and college curricula need substantial 
strengthening with respect to other liberal and lib- 
erating arts— the sciences and mathematics. 

In a preceding section devoted to the high 
school, (Recommendations H 1-H5) this Tksk 
Force has urged strengthening of offerings and re- 
quirements for high school graduation. At the col- 
lege level, too. there is presently a lack of desirable 
emphasis on foundational work^n technical and 
scientific subjects. A survey by the National Re- 
search Council indicated that an average of 7 per- 
cent of undergraduate course work was required 
to be devoted to the natural sciences in 1980; 
compared with over 9 percent in 1967* Both high 
sc^hool offerings and college requirements drifted 
downward in this period, the former more rapidly 
than the latter. 

This trend must be reversed if graduates of 
schools and colleges are to be prepared for the 
world that actually exists about them, a world 
that is increasingly dependent u|X)n and reflective 
of siMence and technical endeavor. Many college 
graduates lack the background to deal with the 
technical aspects of some of the complex and ma- 
jor issu€>«Qpfronting contemporary society. Is- 
sues such as disposal of toxic wastes, environ- 
mental quality. tKCupational safety, nuclear 
power, and manipulation of genetic material, in- 
volve decisions by government. Ultimately, the 
government Is the people a fid they .should be both 
aware and informed. Most sciences, chemistry 
among them, relate to these issues. Even more im- 
iKDrtant however, is the study of science as a pow- 
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erful metliod of inquiry into the nature of the 
world about us. 

A general increase in science requirements 
for college entrance would have a very desirabl'^ 
' pc^itive effect on secondary ^hool curricula and 
graduation requirements. A general increase in 
distribution requirements for ail college students 
would enlarge the science knowledge of a still 
growing, better educated group of the population, 
providing them with genuine understanding of 
the nature and content of science and increasing 
their capacity for discernment, critical evaluation, 
and sound judgement where science is a factor 
Language and literature may be under pressure 
as major components of liberal education, but sci- 
ence and mathematics have yet to be accorded the 
recognition and study appropriate to their slgnifl- 
cance in the contemporary lives of society and the 
mind. 



£72 . The National Council (Nl)in concert with 
the Ameriam Chemical Society tmd other 
sciemx and engineering societies should 
work with national and state eCMcational 
etgencies^ educational consortia and accred- 
iting bodieSf and precentor colleges and uni- 
versities to attain acceptance nationwide of 
a requirement for admission to all colleges 
and universities of at least three years of 
toboratory science and three years of mathe- 
matics taken in grades 9-12. 



a. We recommend that this science requirement 
be increased gradually to four full years of secondary 
school (grades 7-12) laboratory science, to include 
both chemistry and physics. We recommend that the 
mathematics requiren^ent be increased gradually to 
four full years of secondary school mathematics, to 
include two full years of algebra. And, increases in 
content and achievement are the objectives, not just 
increase in time spent. The continuing downward 
drift in the fraction of credit in science ofTercd in sat- 
isfaction of requirements for baccalaureate degrees 
is not in the national interest. 
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V2. The American Associationjor fhe Advunce- 
ment of Science in concert with the American 
Chemical Society and other science and engineer- 
ing s€H:ieties should work with natiomd and state ^ 
education agencies, educational consortia and 



precen^r colleges and iinit>er^ties to assure that 
the amount ^fflaboratcry scienae re^quiredjor 
any bacccJaureate degree is ai least 10 percent of 
the undergra€tuatecre(iit which must he earned, 
by the student. 



U3: CHEMISTRY COURSES FOR NONSCIEKTISTS 

Recommendation: BsUzblishment of guidelines^ the appropriate baUinee in crollege-level 

chemistry couresfor 7ionscien€:e mq^rs among the fimdiomental principles 
of chemistry, applications of chemistry, and thepltice and ro!e of the 
chemical sciences in contemporary society. 



It would be an empty gesture to increase col- 
lege graduation requirements in science without 
taking steps to assure that sound, informative, m- 
teresting. and useful courses exist to be applied to 
the requirements. Generally, introductory courses 
intended for science students or. worse, for majors 
In the field of the course, fail to meet the needs of 
majors in nonscience fields. Such courses assume 
both more back^ou&d and more interest than the 
general student should be expected to bring to 
them: they tend to be narrow and detailed, 
strongly-focussed. and swiftly -paced: they discuss 
the trees and not the forest- 

The decade ending in 1977 yielded almost 
1 50 reports in the Journal of Chemical Ediica- 
tlon alone on curriculum and course develop- 
ments in chemistry intended to meet the needs of 
the genera! student: many additional reports have 
appeared since that time. Some of the special 
courses described in these reports are elementary, 
non-mathematical versions of the standard intro- 
ductory courses offered to science-oriented stu- 
dents: some have a strong "applied" or "environ- 
mental" orientation: and some focus narrowly on 
key topics such as forensic scier^^e. popular 
drugs, kitchen chemistry, or art and antiquities. 

Critk'S of the spec ial courses have argued that 
many of them fail what ought to be their central 
objective, to illustrate the nature of science and 
sc ientiftc thought, because of overemphasis on 
facts and underemphasis on process and meth- 
ods. Others are found wanting because they avoid 
mathematics and abstraction, in spite of the fact 
that U is virtually impossible to gain admission to 
a college or university in the United States with- 
out a year of algebra and a year of geometry in 
one's secondary school program, 

The Iksk Force applauds the interest and en- 
ergy which have gone into these attempts to meet 
the needs of the general college student. It would 
bv a mistake to strive for a high degree of uniform- 



ity in such course offerings siinply because the na* 
tional interest, as well as personal interests, were 
served by increased understanding of the sci- 
ences. Hojvever, we do argue that a chemistry 
course for non scientists ought to have certain 
hallmarks: it should represent a sigrxlftcant intel- 
lectual challenge: it should present substantia! 
formation on the properties and reactions of real 
materials, particularly substances that students 
might be expected to encounter in the ordinary 

> course of affairs: it should shoU' how models and 
hypotheses are used to organize and interpret 
such information, leading to the establishment of 
principles and '"iaws" of chemical behavior: it 

• should emphasize the experimental- tentative, 
open-ended, and falsifiable nature of chemical 
knowledge, and provide examples of coherence, 
logical extrapolation, ambiguity, and irrelevance: 
and it should include material on both the histori- 
cal origins of the discipline and it s present societal 
significance. It should not be trivia!, condescend- 
ing, patronizing, or apologetic, nor should it l)e at 
high dilution or without rJgor In the words of V.V. 
Raman: 



. . (it) should be taught not simply as a 
body of useful knowledge clothed in techni- 
cal vocabulary but as a mode of Inquiry into 
the nature of the perceived world, as an intel- 
lectual framework to guide us in the adoption 
of tentative interpretations of what is ob- 
s^^rved. and as a world view that is not ulti- 
mate truth but is applicable only tn the con- 
text of a given set of available facts ... (It) 
should be taught beeauseof the value system 
it fosters, because of its criteria for the ac- 
ceptance of points of View as valid pro|.)osi- 
tions— not because of its potential exploitable 
results, or even for its beautiful anci powerful 
theories." 
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U3. An American Chemical Society Task 
Force on Chemistry Education/or Nonscien- 
tists, which might be the body described in 
N4 or an ad hoc sub-unit ojthe Scfdety Com- 
mittee on Bducationf should €Mnsider the 
general and diwrse aims of college-level 
courses taught Jbr nonscience m€^rs and es- 
tablish broad guideline to the appropriate 
balance in such courses among theJundUi' 
mental principles ofchemistryf the method- 
ology and philosophy of the disc^lines^ ap- 
plications of chemistry, and the plaits and 
role of the chemical sciences in contemp€>- 
rary society. 



a. After guidelines are available, the Soc iety, 
with assistance of other funding sourees, sueh as the 
National Science Foundation and private educational 
foundations, should sponsor workshops for the crea^ 
tion and improvement of chemistry courses for non- 
science majors (whose needs might be met more ef- 
fee tiveSy by ofiertng them sophisticated a>urses as 
st^niors instead of introductory courst^s when they 
are freshmen), 

b. hi both the pre- and post-guideline periods, 
the PZducation Division of the American Chemical 
Society, or a unit like the Institute for Chemical Edu- 
cation (University of Wisconsin-Madison), could as^ 
sist the improvement of such course ofi'erings by es- 
tablishing a clearinghouse* for the exchange of 
syllabi, instructional modules, and other informa- 
tion. 



U4: REDUCTION OF CULTURAL DUALITY; 
INTERDISCIPLINARY INTEGRATION 

Recommendation: Development of workshops and other activities to increase interaction 

among teachers of the natural sciences and engineeringf the arts^ 
humanitieSf and the social sciences. 
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hnprovenient of the science littTaey of stu- 
dents. esfH'cially at the college level, may depend 
on the simultaneous ^nd joint improvement of 
other literacies. S< ience faculty in general and 
those in chemistry in particular often insulate 
themselves !rom the nonscience academic com- 
munity, just as. in our view, the nonscience aca- 
demic comiuuiiity is insulated from u> , Unless 
there is better integration of science and chemis- 
try with the totality of the intellectual enterprise, 
renewed emphasis on science awareness and liter- 
acy could simply widen the gap btnWeen the "two 
cultures." 

The a<*adcmic year docs not provide enough 
oppK)rtunity for those who teach in very different 
discipiincs to exchange viewpoints on issues of 
conunon concern with an eye to the development 
of integrated multidiscipHnary instruction cen- 
tered on them. Natural scientists, engineers, hu- 
• nianists, smial scientists, and those in the arts all 
have contributions to make to our understanding 
of matters such as: the interaction between sci* 
ence and literature: the Impact of technical activ- 
ity on the human and physical environments: eth- 
ical consequences of the application to human 
iHMngs of the findings of molecular biology and ge- 
netic chemistry: the philosophical implications of 
nuKiern physical theory: uniqueness in the uni- 
verse: profits and prophets: preservation of the 
past: and other similar topics, without limit, 

Some of the Chautauqua-type short courses 
sponsored by the National Science Foundation 
have brought scientists and nonscientists to- 
gether to learn about progress ih areas such as the 
history of sc:ience. rcst*arch in cognition, and the 



soc ial const^quences of the computer revolutions- 
all of which bridge the gap between the two cul- 
tures. We applaud this program hnd urge its ex- 
pansion. Hut more extensive activities of a similar 
orientation are necessary to accelerate this inte- 
gration. 



174. The National Council and the supporting 
s€^ieties mentioned in VI should promote 
the development and establishment of a pro- 
grcLm of summer workshops clnd other suit- 
able mechanisms to bring together teachers 
of chemistry, other natural sciences, engv 
neering, the arts, humanitieSt and the social 
sciences, to study issues of common S€>cietal 
and intellectual concern so that the fruits of 
such study may be applied directly to the im- 
provement and expansion of multidiscipH- 
nary instruction. 



a, Some* olthest* workshops could augment ihr 
series s}x)nsored curretUly by the National KndoW' 
ment ior the Humanities: others could be part of ex 
isfing National ?kience Foundation programs; and a 
new series designed spe<Mf ically to bridge the gap lx»- 
twccn the "two cultures" might us«*fully Ix' sfx^n- 
sored Jointly by thes<' two agencies, Su^'h projJram- 
malic expansion should \yv deliberate, long term, 
and guided by thoughtful evaluation. 

b. Additional support for the faculty members 
participating in these* workshops should be expectc<i 
not only from their institutions but from the various 
a(*ademic discMpHne societies and asscxiations. 
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U5: LABORATORY INSTRUCTION IN FOUNDATIONAL 

CHEMISTRY COURSES 



Recommendation: Adaption of a stcmdard that all collegB^lenelfi^undational chemistry 

courses^ whatever their student clientele, include substantial and 
significant laboratory uH^rk, 



'When we shall be able to employ in scien- 
tific education, not only the trained attention 
of the student, and his familiarity with sym- 
bols, but the keenessof his eye, the quick- 
ness of his ear, the delicacy of his touch, and 
the adroitness of his fingers, we shall not 
only interest . . . people who are iiot fond of 
(^old abstractions, but, by opening at once all 
the gateways of knowledge, we shall ensure 
the association of the doctrines of science 
with those elementary sensations which 
form the background of all our conscious 
thoughts, and which lend a vividness and re- 
lief to ideas, which, when presented as mere 
abstract terms, are apt to fade entirely from 
the memory." [James Clerk Maxwell ( 1831- 
1879). physicist] 

The dist^ussion preceding Recommendation 
H5 presented an outline of the case for the labora- 
tory component of high school chemistry. Since 
scientists must "do" things as well as think about 
them, there has been no lack of recognition of the 
importance of laboratory work at every stage of 
fhnr education. But, the laboratory is a similarly 
ess<'ntial component of foundational instruction 



in science intended for (and esf>eciaUy if required 
oO those preparing themselves in disciplines out- 
side the science^. The case is the same at the colie- 
giate level as in the secondary schools: science is 
experimental: human beings gather data, inter- 
pret it, and organize it; the ' .eraction in the labo- 
ratory between nature and the student is an es- 
sential ingredient of education. 



US. Whether they are taught to nonscien- 
tists^ science mq^ors^ or chemistry majors^ 
foundational courses in chemistry at the col- 
lege level must include a substantial compo- 
nent of significant laboratory loork. 



a. 'Substanliar* is ordinarily determined lo<:'a!ly. 
Hut. it is our bt^lief that devotion of less than 30% of 
Ht'hcciuled time to the lal)oralory work in a founda- 
tional rourst* IS tiost^ to if not actually insubstantial. 
Il isof paraniount im{X)rtarun- thai any educational 
ialKjratory work in* significant, not mt»rrly trivial or 
tiinr-sjx'ndjn^. 



U6, U7: CHEMISTJiY FOR NONCHEMISTS 

Recommendation: Preparation by the ACS (Committee on Professional Training of 

recommendatU^ns concerning the content of chemistry courses intended for 
students who are not majors in chemistry. 

Recommendation; Development by ACS of curriculum modules in such aspects of chemistry as 

are germane to the curricula of professional schools in laWf businesSf and 
the health professions, among others. 




We believe thai the study of chemistry is good 
intellec tual exercise and that it imparts much 
knowledge of permanent value and wide applica- 
bility; it is, therefore, useful preparation for almost 
any career. Indeed, it is the centrallty of chemistry 
that makes it a required subject at the introduc- 
tory level in a large number of science and non- 
science curricula. However chemistry course en- 
rollments in most colleges and universities 
diminish rapidly as their level rises. Some techni- 
cal and professional curricula require a second 
year of cht^rnistry, building on the General Chem- 



istry course that is taken, usually, in the freshman 
year: but, very few undergraduate students other 
than chemistry majors are found in the advanced 
courses which dejxmd on "s^^cond year" courses 
in organic and analytical chemistry and the nec- 
essary parallel work in physics and mathematics. 
Most of the instruction in chemistry departmwts 
is for the benefit of students who do not intend to 
major in chemistry. 

Many students who take chemistry because it 
is prescribed by the curriculum for another major 
feel "sentenced" toscTveout the experience. In 
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some cases the fault lies in the chemistry depart- 
ment: it may have allowed its service activities for 
other units to get out of tune with their needs: or. 
it may have gone too far in tailoring such offerings 
to narrow interests, robbing the study of chemis- 
try of its breadth and vitality. In some cases the 
fault is wider spread because there is insufficient 
knowledge on campus of national trends in chem- 
istry requirements of the major professional cur- 
ricula other than chemistry —in the health profes- 
sions, for example. In all cases, we believe, the 
interaction between provider and consumer de- 
partments could be improved if guidelin*! infor- 
mation were available from a source committed to 
the maintenance of quality in chemistry instruc- 
tion by other disciplines. That source exists: it is 
the Committee on Professional TVaining of the 
American Chemical Society. 



U6, The American Chemical Society's Com- 
mittee on Professional Training, in coopera- 
tion with its counterpart bodies in the pro- 
fessional societies serving other disciplines, 
should make recommendations coiweming 
the level and content of college chemistry 
courses for students maj^ing infolds other 
than chemistry, especially other technical 
fields. 



a. I hls ac tivity is proposed as an aid to the ncc- 
rssary foniii >ns Intt-raction iKtween chemistry 



and other departments, not as a substitute for it. 

The slow decline in number of undergraduate 
majors in the liberal arts, of which chemistry is 
one. has uad at least one very undesirable effect: 
students carrying out advanced work in non- 
science fields and in preparation for the profes- 
sions now frequently lack the necessary back- 
ground in chemistry and other science^that. 
formerly, they would have acquired ear|y in their 
undergraduate years. In a few areas a whole 
course in/?hemistry (or another science) would re- 
pair this omission: in most others less time is 
available and more specific content is required. 



U7. The American Chemical Society, through 
the body described in V3, above, and with 
the assistance ofv€aious of its membership 
Divisions (e.g. Cheml'itry and the Law; 
Chemical Mewketing and Economics}, should 
undertake to determijw the needs and de- 
velop curriculmn modulesfbr adv€mced in- 
struction in such aspects of chemistry as are 
germane to the curricula of professional 
schools in law, business, and the health pro- 
fessions, among others. The Society should 
pin with other science societies to develop 
similar but more general m€>dules in science, 
its content, and its methods. 



U8: LABORATORY EXPERIENCE IN THE CHEMISTRY 

CURRICULUM 

Recommendation: Inclusion in the budgets of instrument purchase pragrajj^s 

of additional funds to permit development of cooperative mechanisms 
for the maintenance and repair of such equipment. 



There is wid(*spread concern that both the 
quantity and quality of laboratory experience in 
baccalaureate degree programs is deci easing. The 
requirements for formal laboratoi y work have al- 
ways been leSvS in the United States than in other 
indusirialized nations, but increasing costs of 
modernization, upgrading, or even sustenance of 
present Iwels of quality generate pressures which 
are resulting in even less favorable comparisons 
than Ixlore. Many students awarded bachelor's 
degrees in c hemistry have very limited experience 
with modern hjlxjratory techniques and even less 
experience in the design, formulation, conduct, 
and analysis of experiments. (Students graduat- 
ing from CcH>perative Education programs are a 
notable exception.) As the content of the chemis- 
try curriculum has become more theoretical 
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more student time is spent in the classroom and 
in the pursuit of solutions to formal problems, and 
less in the laboratory learning and perfecting 
those techniques which establish and maintain 
the real contact of a chemist with the material 
world. Students develop little feeling for the be- 
havior of matter— which, ultimately, is what 
chemistry is all about. 

The advent of the computer has placed addi- 
tional pressures on laboratory instruction. It sings 
the siren song of econorhy through simulation, 
with additional benefits of tirelessness, 
cleanhandedness, and freedom from chemical 
hazard. These attractions (instead of those such 
as augmentation of the laboratory experience, in- 
crease in the scale and sophistication of related 
data reduction, and the dgv^lopment of broader 
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and more challenging experiments) seem to afl'ect 
the ways in which the computer is applied in the 
laboratory. Thus misapplied, the computer be- 
comes another force driving students farther to- 
ward the view that chemistry is a game played 
against skillful opponents (who already know 
everything that the student is supposed to learn) 
rather than a way of unraveling and comprehend- 
ing natural phenomena. 

Vov over twenty years, one of the most eiTec* 
tive responses of chemistry educators to the disin- 
clination of students to regard laboratory work as , 
important has been to bring such supervised ex- 
perimentation closer in methodology and sophis- 
tication to' the ways that chemistry is practiced in 
real career situations. At first, experiments in ad- 
vanced courses were designed to use instrumen- 
tation like that used in academic or industrial re- 
search: later, as less expensive and more 
sophisticated versions of these insO'uments be- 
came available, this kind of exercise spread to less 
advanced courses. The cost escalation of the past 
ten to llfteen years threaterl? to wipe out these ear- 
lier gains. 

The initial cost problem has been attacked 
successfully by a host of programs. These include 
industrial donation to education of still useful in- 
struments, and several instrument purchase pro- 
grams supported generously in past years by the 
National Science Foundation. Instructional and 
research instrumentation programs for colleges 
and universities have helped the improvement of 
laboratory instruction, as have those which stim- 
ulate and support undergraduate and faculty re- 
search opportunities. Reinvigoration and expan* 
sion of these* programs is necessary if the 
American chemistry graduate of the future is to 
be ca{>abie of the practice and not just the contem- 
plation of chemistry. 

One aspivt of instrument-basing of laboratory 
instruction {and research, for that matter) has re- 
ceived much less atte»^uion than it deserves, espe- 
cially if one believes that conservation of re- 
sources is an appropriate response to increased 
com|xnitlon for resoiirces. That aspect is the re-., 
pair and maintenance of the complex and sophis- 
ticated ins;.*uments used in research and Instruc- 
Mon. One need not visit a Third World country to 
see costly instruments out of use because they 
e?jnnof he rej>aired. The pre blem exists even in re- 
search universities, where cuts in support staff 
sfctn to (K'cur in perfect synchrony with the 
l)r(>ak(iown of equipment; but it isdisablingly seri^ 
ous ir^ smaller colleges and universities which 
hav(* never been able to budget adequately for in- 



house maintenance and repair of instructional in- 
struments. ^ 

Historically, agencies that grant funds to as-- 
sist the purchase of instruments and complex 
equipment for use in education have regarded the 
maintenance and repair of such items as an insti- 
tutional responsibility— part of "cost sharing." 
However the accountants feel about such things, 
something must be done to assist smaller colleges 
and universities in keeping their instruments on 
line. If the demand for direct subsidy of malnte- 
nance costs is to be restrained, other ways of ad- 
dressing the problem must be devised. 

The attention of the Tksk Force has been 
drawn to several approaches to meeting this need. 
Some colleges and universities close to each other 
have been able to share instrumentation and thus 
reduce the scope required of both initial pur- 
chases and later maintenance. In a few cases, in- 
dustrial research laboratories nearby have made 
their instrument repair staffs available, such coop- 
eration being a component of a broader academic- 
industrial collaboration. There are several in- 
stances of other kinds of inter-institutional 
cooperation. An especially attractive one {because 
of its continuing success) is that centered on Geor- 
gia Institute of Technology, which cost-shares with 
60 smaller institutions a service designed to take 
Institute instrument repair specialists to where 
the trouble is. 



V8, The National Science Foundation and 
other agencies supporting the purchase by 
colleges of instructional research instru- 
ments should include in the budgets of these 
progrcmis additionalfunds to permit experi- 
mentation^ demonstration^ and implementa- 
tion of cooperative mechanisms for provid- 
ing maintenance and repair service for such 
equipment 



a. Since much govrrrunerU support of instru- 
ment purchas€?s is tied to their usv in faculty and un- 
dergraduati* research, we urge that realistic note br 
taken of the difTerenct^s in ?he p>r;ofessional .situations 
of the faculty member in a .small college and one in 
an institution geared to graduate education and re- 
st^arch in making awards for the support of the gen^ 
era] costs of research. More th^n one person has 
pointed out to,iis that the small college faculty mem- 
beV who carries on a program of research with under 
graduates "produces good graduate students in 
chemistry, not necessarily publications." 
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U9: THE APPROVED CURRICULUM IN CHEMISTRY 



Recommendation: Sponsorship by the ACS of the preparation of position papers providing 

advice and guidance to faculty members on ways to include or improve 
instruction in the undergraduate curriculum on a number 
of specific topics and areas* 



Sinm- ot the strength of undtTgraduate t.duca- 
lion in (^ht-niistry in the United States arises in the 
niultiphcity ol opjx)rtunities avaiiable: a student 
can ch(X)se a eoilege and a program that Hts his or 
her interests and needs. At graduation, however, 
the interests and needs ot {xitential employers en- 
ter the picture. DttTii ulties (x^cur when the prepa 
ration of a student diHers substantially Irom that 
which is iii)propnate and ex^nxned The reduction 
ot such ditlicultles is what has iuipeUed the design 
ot curricula whose content and, one hopx^s. intent 
are agrceabU^ to ^^i': parties on either side of the 
fuccting {X)int. 

Tti<- Conmnttee on f^oiessiona! ^lYaining ot 
the American (^hemical S<XMety was estabhshed 
todticnnnie and to promulgate ^ 'minimum stan- 
dards ' ior the education of a l)iiccalaureate chem 
)st to pra( tice chemistry as a professionai. Over 
time, the " rTummum suii^dards * have given way 
to guidelines." in recognition of the plurahsm o! 
both the academic community and the world of 
proiessional activity, but the CommilteT S pro- 
gi\m continues to pro. kU assurance that gradu- 
ates (.>f an approved curricuUnn are qualified to 
funcnon is chemists at a baccalaureate ieve! o! 
pr{)tessiona! preparation. The Conunittee under 
takes to understand what a chetnist is sup^x)sed 
u> hi- able to do and to enunciate t he characteris- 
tics <){ the undcrgraduatt* education that will pre 
pare^ one to be a chemist. 

I ht re hcts alwavs been strong opposition to al- 
most anv position taken by the Com m ft tee. t*spe- 
eiaily trom s( hools that did not conform to the 
nioli^fit is a ratlu r elastic one) deemed pro|XT bv 
the Conuniia Fortunately, the C:ommittee has 
limited its eflorts to the publication of a list of ^'ap 
proved" programs that meel :ts guidelines. It has 
never toreeci <\i\ <ipprove(i program on ali the stu- 
dents in a uiven college: but it has insisted that all 
schools With approved prograins be prepared to 
ot!<'ran(i. in tcict. do ofler a curriculum ol that 
( hara' tcr and scope. And. application for ap- 
i)r()v^Hi status is completely voluntary on the juirt 
oi an insntution with a program to be considerc^d, 
fieal m other sections with some broaci as 
p<*ets ()} t he st r net ure and work of the Commit tee 
on }»r{)lessio!ial Training. Here, our conceTn is 
liner det<nl the content oi the approved (ninicn- 
iufTi -an<i it responds to opinions ex[)ressed bv cd 
ucators. employer*^, (ind students Some tee! the 
eurri( ulum descritu'dby the Committee s guide 
lines is so riij'd as to inhibit desirabU^ exjxTimen- 
{aiinn an(i irmovation: others would preler greater 

ER?C.... 



Specificity, especially if the curriculum inrhuied 
thereby some area felt to be neglected. Some teel 
that the curriculum is already overerowde<i and 
neecis purging; otfiers believe that the cavities in 
the curriculum are more harmful tha.i its bulges. 

The following briei paragraphs will ser vi^ to 
i(ientify some of the concerns expressed to the 
Task Force and sliared by scnne of its members. 

Courses con(H*ntrate increasingly on c^hemica! 
principles that underHe current chemistrv re 
s(^arch and, to a h^sser extent, practice. Th.e result 
has been a weakening of historical perspeciiix's 
and fniinanislic ixihiesiu terms of which all 
chemistry majors should b'^ prepared to under 
stand the plact of chemistry in our culture. 

The hill-year organic chemistrij and physical 
cherrusrrjj courses are utilized (particularly in th<^ 
large universities, \;hich stM the content and tone 
for nearly everyone else) by nu^re students major 
ing it. fields that build on chemistry than by those 
ma)oring in chemistry itself, Yet, as these courses 
have evolved thev have tended to coiicentratt* in 
creasingiy on topics that have microscopic orien- 
tation (fine tor future graduate students m chem- 
istry) to the (exclusion of those that have a 
niacroscopic orientation (needed by all otlu rs who 
art^ tuirolledj. 

Much student irUerest in chemistry stems 
from contem|X)rary applications to the lite sci 
ences. There is not space in the chemistry major s 
curriculum for much forma! instruction in bio- 
chemistry and molecular bioUh^y, so rcK)m must 
be made for them in organic chemistry. 

Most chemists are employed by industry, and 
most such deal every day with some aspect oi 
polynwr and macroniolecukiFcheniistry. topics 
which are coherent and mature. FJoth are almost 
ignored in the curricniium in spite of their critical 
relevance to career opjx)rtunities and the eas<^ of 
their iiun)rporation into courses in analytical, mor 
ganic. organic, and physical chemistry. 

There is a widening gap between acaciemic 
c overage and career pra<^tice in tfie applications ot 
con\piiters and computation to the manafiemem 
of information, control of experiments, and devt^l- 
opment of nuxiels in both chemical research and 
nonresearch activities. Since computer assisted 
mstruction and ex[)erimerUation are conunon 
place in colleges and universitit^s. the problem is 
one of balance, not one of ex^x)sure. 

Students see limited applications ot prolxihii 
ity ami statistics in topics ranging from th(^ ki 
nctic ttieorv of gases to the x ray deternunation oi 
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protnti structure. Yet. exan\ination of chemistry 
curricula shows virtually no fornuil coursework 
on mathematical probability or. even more impor 
tant to a practicing chemist, on the statistical de- 
sign ol exp<Timents. reduction of data, or the de- 
duction of conclusions. 

('hemistry faculty must share the burden of a 
criticism heaped on the whole of education: that 
its graduates are deficient in communication 
skills— inept at expressing their ideas or reporting 
the results of their work either orally or in writing. 

Chemical economics is not part of tht* ap- 
proved curriculum, yet economic factors will de- 
termine the course of the professional lives of 
most chemists. G(H>d text materia! that could be 
incorporated in a variety of courses that are in the 
curriculum is readily available. 

Most chemical educators and graduate chem- 
ists arc aw are of siUe methods for the conduct of 
exjx^rimerus and have some knowledge of how to 
handle emiergencies. Unfortunately, practice lags 
far behind aw^areness and formal instruction is 
virtually nonexistent. Education with respect to 
safety and chemical hazards should start with 
the early development o( sensitivity to the prob- 
U^nis, illustrations ot good practice, and insistence 
upon it. 

Formal training in chemical information re- 
trieval is seldom incUuied in the chtnnistry curric- 
ulum, yet every professional chemist must use a 
variety of complex printed sources as well as an 
incrt^asing number o( Coniputerized databases. 
Further, the pace of change in information sys- 
tems is greater than can Ih* accomuKKiated by 
self help efforts. 

Since chemistry is a growing, changing, 
cvolvifig science, it should surprise no one thai 
curriculum issues such as thost\just described 
continue to arise. The time available for baccalau- 
reate professional eciucation is relatively inexten- 
sible. however and curriculum change must pro- 
cede by evolution, substitution, anci re-synthesis 
rather than by addition and accretion. We suspec t 
that the Comniittet* on Professional 'lYaining has 
cotisidere^d relatively recently all of the curricu- 
liun problerTis mentioned alK)ve* and more. y(*t the 



impression held by many is that nothing is being 
dont*. 

The 'Risk Force believes that it is possible to 
discover ways o! bringing into the existing curric- 
ulum appropriate content from problem areas like 
those listed alxn e. The problem is mort* one of 
pedagogy, the work of faculties, than it is of stan- 
dard-setting, the work of the Committee on Profes- 
sional IVaining. A useful model is the resourc e vol- 
ume on physical chemistry topics important to 
chemical engineering students presently in prepa- 
ration under ACS .s})on.sorship. This volume de- 
rives trom mi;ch person-to- person discission, sev- 
eral symposia, and a working conference of 
physical chemists and chemical engineers (from 
lK)ih the industrial and academic communities) 
interested in solving the problem. 

U9. The Society (kpmmittee on Education of 
the American Chemical Society and the ACS 
Division oJChemical Education should spon- 
sor symposia Oil d carefully defined and de- 
signed studi ' ^ examine a number of spe- 
cific problems with the approved 
(professional) curriculum, and with those of 
its components that are utilized regularly by 
students majoring in other science fields. 
Among such problemMi^j^as are the follow- 
ing: historical perspectives and humanistic 
XHilues; the organic chemistry and physical 
chemistry courses; biochemistry, molecular 
biology, and organic chemistry; polymer 
and macromolecular chemistry; computers 
and computation; probability and statistics; 
communications; chemical economics; 
sqfety and chemical hfizards; and chemical 
information retrieval. These studies should 
generate resource materials and position pa- 
pers to provide advice and guidance to col- 
lege and university faculty members on opti- 
mal ways to improve or include appropriate 
instruction in these areas in the curricula 
pursued by chemistry majors and by stu- 
dents in other fields of science. 




UIO: CHARACTERIZATION OF CAREER OPPORTUNITIES IN 

CHEMISTRY 

Recommendation: ACS consideration of how best to characterize opportunities in chemistry 

and the expectations of employers, identify necessary curriculum and 
resource elementSf and utilize results of research to improve chemistry 
education. 

At \hv prt^sciU time, over 85 percent of ail baC' al! bHccalaurcalc chernisls, about 40 pcrc <'ni 
calauf eate degrees in chetnistry are awarded by move imnu'diatelv into Hclds with other riamcs. 
colleges and universitit*s on the Approved i^ist ot though they may be very (Mose to c'hcinisu y (e.g. 
the A( S Conunittee on Professional lYaining. Of 



56 



45 



meciieiiu*. agricultural chemistry, chemical engi- 
neering). The 60 percent of l)achelor s degree re- 
cipients who retain \ hv label chemist split atx^ut 
e<}ually into !?ios<* who go on to advanced work in 
chemistry or closely allied fields, and those who 
enter (or return to) industrial employment imnie- 
(iiateiy, Since it has lx*en hall a century since a 
nuijorilv ot doctorates in cht*mlstry sought ca- 
reers in education, it is no error to conclude that at 
least' 9t) percent ot each year's group ot graduating 
chemists will seek and tind professional employ- 
ment that is not academic hut industrial or like in- 
dustrial. 

Organizations and cor^K)ratiO!is that employ 
many persons eduealed as cheniists ordinarily 
sup{K)ri broad scientific progranis. They c^n accu- 
nujlate specialists of various sorts to achieve any 
tlexibility and diversity that may be required in 
the k)vvcr k-vt Is of their organizations, but most 
protnotc (|uitc significantly on the basis of the way 
in whiefi an nnlivuiiial acquires that tlexibility 
^ and diversity of professional C()m[x*tence within 

himself. 

F.mploycrs ot small numbers of graduatt* 
chemists tend to luive more specific needs, and 
the match of organizational and personal specifics 
isotu-n important. But small organizations have 
low institutional inertia — their net^dscan change 
dramatically in short times, individuals must Ix^ 
able to adapt to such chang(*s. 

'Yhc wide spectra of career aims {f(;r individ- 
uals) and opportimities {from employers) force inv 
possible ohjtxiivvs upon the prescription of any 
cuirieulum other than those that {)rovide rnaxi* 
nunn {)ossible tlexibility consistent with wise 
guidance ot student learning. Although the Conv 
mittcc oil Professional 'IVaining has attempted to 
toilow Uns ( oncept, the compromises it has bt*cn 
f{)rcc(i to make have led to what most ot its critics 
and Mjme ol its Irii^nds describe as a dt^grec of spe- 
ciliciiv tluu nuiv be conlniry to tin* interests of 
many stucients and m poor tune with the longer 
[a?ige needs of those who will be their enip!o\'ers. 

Some eolie^es and imiversities ptTmit and 
even encourai^e vlieitustry students to graduat(^ 
wuhout satisfy :ng the (uU recjuirementsof the 
curru uhnn spelled out by the C\)mmittee; others 
snnplv ignore the rubrics oi the curriculum (still 
specjiied in terms of "courses" and the "tradi- ^ 
tH)n<ii aieas" ot chenjistry) and opi^rati^ their own 
{ ducational [)atierns witlnn Uie scope oi "ec}uiya 
\i fit experience." Vet. vvlicih.er its guidelim^s arc 
(j|!r\-c{i or not (he Connnittee has a powerful and 
eai n<'(l presence arid reputation cuui its caret ul 
pronouncenu rits iue heard and U'<irned, it not lol- 
low fd fonsistcnth" 

Issues like those nn})hed t)V the comments af)- 
[M'lulrd to the text ol the preceding rei-onuiK^rukc 
tion are inidoubtedlv discussed by tlie Committee 
aiid a( led upon l)v tliem Yet. iln vv is Hftle inlor- 
tnatioii available al)ont lh(jse process aspects and 
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the same concerns are expressed repeatedly over 
time. 

Expression of these concerns may repr esent 
partial answers being otfered to the question 
*'What is a chemist?"— a question that the Com- 
mittee on Protessional Raining has continuously 
before it. The vitality of the chemical scknices 
guarantees that that question can never b(* given a 
single definite answer— eve i though the Commit- 
tee discharges one of its n*ajor resjxinsibilities by 
describing a single curriculum . 

The l^sk Force believes that it is appropriate 
at this time, when the practice of chemistry is 
changing rapidly and increasingly diverse pres- 
sures ofx^rate on colleges, for a substantial elTori 
to bi^ undertaken to determine the kind of prepa- 
ration which might i\i students best for careers in 
chemistry as well as careers in related areas. Ttiis 
elTort might profitably be approached fron) the 
perspective of the career itself, rather than from 
that of the educator who "nay have a limited view 
of careers related to chemistry as they actually ex- 
ist. One is faced in)me<iiate}y with the fact that 
there is a broad spectrum of careers in- and b^ised 
on- chemistry, and that they might require 
tHjually diverse preparation on the part of the fu- 
ture protessional U is tor this reason that \k'v feel 
the first step should b<* to determine how to char 
acterizt^ careers related to chemistry and to iden- 
ti! v, insofar as fX)ssible. the kinds of professional 
education needed to prepare for them. 

We would like to have the Commit ttr on Pro- 
fessional lYaining undertake thisetfort itself, but 
recognize that it is a considerable task that tlie 
Committet^ might not be able to manage along 
with itsotlier conmiitments. Therefore, we pro- 
{)ose an ad hoc Ixuiy to undertake this study one 
that will take advantage of the experience ot the 
Conunittce. but which has a broader base in both 
tlie academic and industrial conununities. 



UIO. The Task Force recommends that the 
President and Chairman of the Board of the 
American Chemical Society either select an 
existing committee of the Society (perhaps 
the Society Committee on Education with 
some augmentation of membership) or ap- 
point one ad hoc to consider how best to: (a) 
characterize opportunities in chemistry and 
the expectations of employers; (b) identify 
necessary curricular and resource elements; 
and (c) utilize the results of research on 
teaching, learning, and instructional tech- 
nology to improve the effectiveness of chem- 
istry education. This committee, whether se- 
lected or appointed, :»hould include: (1) 
current members o f the Committee on Pro- 
fessional Training (CPT): (2) former members 
of CPT; (3) representatives of a range of types 
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of industrial employers ofchcTnists: and (4) 
members of the Society who have not been 
associated with CPT. 



By opportunities in chemistry, we mean those 
accessible to chemists at the four traditional levels 
of graduation— associate, bachelor, master, and 
doctor; by mxe'ssary elen\ents, we mean those 
that, if not available, will constrain the career op- 
tions of individuals completing each of the levels 
of education mentioned: by improvement in e^feC' 
tivimess. we mean such sequelae as will preserve. 



and enhance the fiexibility of curricuila. broaden 
the opportunities available to graduates without 
sacrificing the quality of their educational 
achievement, improve the match betwt'cn courses 
of study and the long range requirements of euv 
ployment. and make the educational experience 
more etficient and siitisfying, 

a. Since the results ot such a sluciy arc intendcii 
to complement the continuing dclilHTalionsol the 
Committee on Professional IVaining, the rcfxirt 
should be directed to CPT after review by the ScK^iety 
Committee on Education. 



Ull: MISSION AND STRUCTURE OF THE ACS COMMITTEE 

ON PROFESSIONAL TRAINING 

Recommendation: Consideration of the mission of the 

ACS Committee on Professional Training. 



S^'veral sources of potential new responsibili- 
ties ibr the ACS Committee on Professional TVain- 
ing can be identified at any given time. For exam- 
ple, in addition to this Report (which proposes a 
numix-r of new tasks for the committee, some 
continuing, some ad hoc) individuals and institu- 
lions profx>se regularly that CPT undertake the 
siime kind of supervision of doctoral education in 
chemistry that it has exercised on behalf of that at 
the baccalaureate level. 

At the present time, the time and effort of the 
Committee on lYofessiona! 'IVaining appear to tx' 
devoted fully to maintenance of the Approved List 
of baccalaureate chemistry programs in college 
and universities. Vhc changes that have occurrexi 
in the f)ast decade in the professional practice of 
clicmisfry and scicnc^es relateci to chemistry have 
expanded enormously this sup<*rvisory task of the 
("ommittee on Professional 'IVaining. Additional 
obligations, especially if t!if.'y are continuing, may 
be b(\vond the ( apacity of the Committee to accef)t 
or disrf large. 

There arc risks in asking CP T to do mow than 
it now (iocs, The Committee has an (^xcellent rep- 
utation for objeciivity and firm fairness. Over a 
Um^ pcrioci it has (iischarged a sensitive and diffi- 
cull task-With iiiichallenged concern for quality, 
high integrity, and demonstrable openness. Con- 
ceivably. the im{H)sition of additional obligations 
(>n \hv Committee could weaken the thrust of its 
present efforts a result wished-for by no one. 



J^he Committee itself can certainly determine 
whether or not its present duties permit its accept- 
ance of one or more ad hoi\ time-limited tasks 
(such as several proposed in this Report). But an- 
other body should provide advice on the assign- 
ment to it of additional permanent obligations. 



Ull. This Task Force recommends that the 
President and Chairman of the BiHirdof the 
Americcm Chemical Society ctssign to an ex- 
isting committee of the Society, or to the ad 
hoc committee described in UIO above as its 
second major task^ the responsibility to con- 
sider the intended^ actuaU and appropriate 
future mission of the Committee on Profes- 
sional Training and to recommend such spe- 
cific changes in mission^ structure, or botK 
as may be required to maintain and extend 
the effectiveness of the Ck^mmitteef whether 
continuing as at present or in some new 
form(sh 



'i. The rcjK)rt of (lie propc^scd c<)n>niiUec shouki 
\x' reviewed by \bv Society Committet^ on Kciucation 
and by the (.'onmiiitec on Professional IVaining, Hut. 
since its content may foreshadow c^hanges in the as- 
signment oK.'F^T. the [ioarci of Directors and the 
(\nnu'il should hi- theultimaie recipientsof th(^ re 
port. 
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U12: INFORMATION MANAGEMENT 



Recommendation: ACS leadership ofejffbrts to modernize the coucept and structure of 

technical libraries. 



Very rarly in its history, the American Chemi- 
cal S<x*icty recognized a responsibility twin to that 
of re{K>rting discovery and observation in chemis- 
try—the responsibility to assist the management 
of the body of information thus created and ex- 
panded. The ScH'iety's Chennical Abstracts Serv- 
ice is the contemporary manifestation of that rec- 
ognized and accepted responsibihty. 

Every chemist is both a creator and manager 
of information Much of the formal education of a 
chemist is given over to activities designed to 
teach the state of the science and the basic tech- 
niques for adding to its store of knowledge. Some 
time (hut less than formerly) is devoted to instruc- 
tion and practice in the now burgeoning area of in- 
formation management. Students do gain, almost 
osmotically. some ability to use the traditional re- 
{K)sitories of fact and opinion— Journals, books, 
abstracts, indices, patents, and the collections of 
them called libraries. But the advent of the com- 
puter has increased both ^he varieties of ways in 
which traditional collections can be probed and 
the rate at which new and possibly substitute 
kinds of collections are created, developed, and 
cinplaced. 

The ckisc in the s{KH^d with which computer 
techniques can applied, and the continued 
rapid fall in computing costs, have resulted in the 
spread of new techniques that do not employ the 
human mind as intermediary, but apply selected 
data directly to the design, conduct, analysis, in- 
terpretation, and reporting oS experiments. The 



trend is clear and will continue. But, sinre the 
i osts, though falling, are still substantial teach- 
ing of these techniques and practice with them is 
done less in colleges and universities than in the 
industrial laboratory. 

The nature of the technical library is chang- 
ing. No longer only a collection point, it is the cen- 
ter of manifold information gathering and man- 
agement activities. Every discipline is 
contributing to this change; every discipline must 
be able to profit from it. 



U12. The American Chemical Society should 
ider^t^ an existing committee or create a 
new one to provide leadership within the 
whole scientific community for analyzing 
the needs and opportunities €md for propos- 
ing implementation nationwide ofpr^rams 
to modernize the concept and structure of 
technical libraries. This committee should 
draw on the expertise of Chemical Abstracts 
Service^ but should include other individuals 
skilled in ij\fi>rmation science and the use of 
computers for information management in 
both the industrial and academic communi- 
ties* Among the committee*s concerns should 
be the use of these techniques far formal and 
informal education^ and the training of indi- 
viduals for careers in chemistry applica- 
tions of information sciences. 
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Recommendations on CAREERS IN CHEMISTRY 

C 1 Economic Restralnte on Career Development 
C2 Arbitrary Restraints on Career Development 
C3 Continous Learning 




Photo: USS Chemicals— Division of United States Steel Corporation 



The chemical sciences and chenaistry education cannot achieve their maximum potential unless 
those who have the Interest and intellectual capacity enjoy equal access to entry and advancement 
In chemistry and related disciplines. 
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CI: ECONOMIC RESTRAINTS ON CAREER DEVELOPMENT 



Recommendation: Qopemment and industrial su^jmrt p/a program of postdoctoral 

appointments for research on problems of national €H>n€:em to ctssist 
bridging temporary differences in employment demand and scientist 
* supply. 



One oJ the hazards associated with defined 
pathways for professional preparation arises in 
the implicit assumption that the supply of gradu- 
ates and the entry-level demand for tiieir services 
wiii correspond. In comparison with the situation 
in the performing, graphic, and plastic arts, where 
there is virtually no market influence on the pro- 
duction of graduates and only a vaguely defined 
market for their services, that of the chemical sci- 
ences is comfortable indeed. It is believed that in 
the chemical sciences there is a reasonable bal- 
ance between the supply and demand for new pro- 
fessionals, whose numbers are relatively stable, 
and that incentivt^s provided by salary and other 
.differentials will act quickly to smooth any im- 
balance. 

Unfortunately the rate of change in industrial 
■ employment needs is typically an order of magni- 
tude faster than that of academic preparation of 
scientists at any particular level of education. For 
example, the ratio 1 98 1 / I983^of offers of entry- 
level fx>sitions was approximately 2 for Ph.D. 
c hemists and 8 for B.S. chemical engineers, while 
the ratio of degrees awarded was essentially 1 ; and 
demand {new hires) tends to drop 3-5 times as 
rapidly as it rises. Further, economic driving of in- 
dustrial demand causes fluctuations in both its 
sc ale and itsi;»wposition; for the latter there are 
no quicXacting analogues in the educational 
strean^i. 

Ah especially pc^rnicious corollary to the mis- 
match Ix'tween rates mentioned above is the pau- 
city of rc*t!ognized. experience-building interim po- 
sitions for well qualified graduates who, through 
no fault of their own. enter the marketplace at a 
time of glut. When conditions Improve the follow- 
ing year or perhaps the next, employers look at 
the current year's crop to the virtiial exclusion of 
those* passed by in the preceding year or two. 
There is a premium on freshness for scientists as 
well as fish. 

it is an appropriate national concern that 
there be developed a mechanism to dampen wide 
oscillations in the number of employment oppor- 
tunities available to the number of scientists being 
edm^ated today —a number which is in good bal- 
ance with long-tenn average demand. The aca- 
demic postdcx^toral research position has served 
to provide further (sometimes additionally di- 
verse) education to persons intent on academic ca- 
reers; and the aggregate of such positions {which 
has grown steadily for several decades) provides 
useful interim employment for other new svicu- 



tlsts when industrial demand is slack. But, if there 
is a mismatch between what universities produce 
and industry needs, postdoctoral positions in uni- 
versities, by their very nature, do little to address 
it in a useful way. A national postdoctoral system 
that could provide the dampening needed should 
be centered outside academe. It is highly desirable 
that the number of such positions located in in- 
dustrial, institutional, and government laborato- 
ries be increased. Although there are some tempo- 
rary or revolving postdoctoral research 
appointments in industry, that sector, faced with 
the occasional necessity to cut back on the em- 
ployment of scientists, has found it difficult to 
make a continuing investment in temporary, inex- 
perienced scientists, though such an Investment 
could permit an industrial laboratory to under- 
take research or development studies without 
long-term commitment to either programs or per- 
sonnel—a kind of flexibility that industry seems to 
want (and academe ought to). 

The various research and testing laboratories 
of Federal, state, and local governmental agencies 
employ large numbers of scientists on regular and 
permanent professional tracks. The Federal entit- 
ies, at least, provide also a number of temporary 
or revolving postdoctoral research associateships 
(the recruiting competition for the program is ad- 
ministered by the National Academy of Sci- 
ences— National Research Council); the program, 
however, is small in comparison to need and, in 
spite of substantial effort on the part of some Fed- 
eral agencies, almost unknown. The TUsk Force 
believes that this and similar programs should be 
l>etter publicized and that they should be ex- 
panded, not in mission directions, but toward the 
solution of problems in applied science germane 
to matters of serious national interest— such prob- 
lems have long-term industrial as well as govern- 
mental and disciplinary dimensions, and could 
maintain the "freshness" (for purpost*sof eventual 
industrial employment) of the young s<ientists 
who worked on them for. s<iy. one or two years. 



CI. This Task Force recommends that the 
United States Government establish a new 
program of postdoctoral research on prob- 
lems of national concern which could sup- 
port OS many as 200 chemical sciences ap- 
pointments per year in Feder ah industrialf 
or institutional laboratories. Such appoint- 
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ments would be tenable fc^r a maximum of 
two years, and their number an addition to 
those presently Junded through grants for 
fundamenUil rese^zrclu The AmerUxm Chem- 
ical Society should assume l^dership of 
effort to secure parallel expansion of such 



appointments under industrial sponsorship 
and, in other waySf cz^ist dampening of wide 
swings in the annu€d numbers of employ- 
ment opportunities. 



C2: ARBITRARY RESTRAINTS ON CAREER DEVELOPMENT 

Recommendation: ACS sponsorship ofej^rts to identify and correct arbitrary restraints 

on women preparing for or practicing the profession of chemistry. 



The c hemical sciences and chemistry educ?.- 
tion cannot achieve their maximum potential un- 
less those who have the interest and intellectual 
capacity enjoy equal access to entry and advance- 
ment in chemistry and related disciplines. This 
objective should be a basic principle of the chemi- 
cal profession and should be both addressed and 
exemplified by the American Chemical Society, 

Statistically, the members of some groups in 
the nation's population, though qualified individ- 
ually, continue to be underrepresented in the 
chemical professions, particularly at the upper 
levels of career development; women and minori- 
ties stili constitute only a small percentage of the 
totai number of chemical scientists, especially in 
major universities and small corporations. This 
situation arose from historical patterns which, in 
turn, originated in arbitrary restraints on entry 
into the profession and on later advancement. Ex- 
tensive efforts have been made to modify the old 
patterns, reverse their eilects, and thus remedy 
the situation— but it persists. 

Women are id(*ntified legally as a minority 
segment of our population. That they are, in fact, 
both an actual majori^ of the population and the 
largest of the legally identified minorities merely 
intensifies the reaction to the injustices experi- 
enced by women who pursue careers in fields long 
dominated by men. 

Some ot our informants, women among 
them. lu)id that serious discrimination against 
women no longer characterizes the chemical sci- 
ences, rhey argue that the present underrepre- 
st"ntati<;n simply reflects the length of time it 
takes to change the perceptions and understand- 
ingol young women at the moments when career- 
relate^d decisions are made: and they assert that 
there continue to be improvements in the career 
situations of wome-n in chemistry 

Problems of women in chemistry are similar 
in many ways to thost* of other minorities: but. be- 
cause they constitute the largest minority, a thor 
ough study of their difTiculties within the profes- 
sion could have important teaching quality with 
respect to the problems of all minorities. 



C2* The Americm Chemical Society, through 
its Women Chemists Committ^ and other 
appropriate b€>dieSf should sponsor a confer- 
ence to identify difficulties encountered 
by seamen qua women in preparing for or 
practicing the profession of chemistry. Fol- 
lowing that cot^ference^ a ^>eciflc charge 
should be made to an appropriate Sexiety 
body to seek actively solutions to these prob- 
lems and removal of such arbitrary re- 
straint on cisireer development as may hcwe 
been identified by the co^ference. If this ap- 
proach proves successfuh the Society should 
apply it to the difficultly in the same areas 
experieni^d by minority, hcmdicapped^ and 
other special segments of the profession and 
the profession-to-be. 
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a. The Task Force* urges that the confcrciiee corv 
sider questions like the following; 

Are there factors that operate cumnuly to Im- 
pede the reeruitment and advancement of women in 
r*Iu-n)is(ry. or have such factors as existed in the past 
Uien eliminated? 

Are there eonstraints associated with certain ca- 
reer paths that effectively inhibit women chemists 
from pursuing these paths? 

!)<:) such factors or constraints lend j^o steer 
women into careers that are less challenging or re- 
warding than those open to men''' 

Are there factors, real or perceived, that op<Tate 
to disc ourage young women from choosing careers 
in the chemical sciences? 

What should hv done U) change the patterns that 
discourage women students in grades 6 through 10 
from making career decisions that reflect their ear- 
lier enthusiasms for sc*ience? In particular, wlial 
should be done to make chemistry an attractive ea- 
reer for women? 

b. Since the problems that do exist are more In*- 
cause of the attitudes of men than o! women, men as 
well as w^omrti should l>c involved in planning the 
conference, ronducting it. an(i implementing its rec- 
ommendations. 
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C3: CONTINUOUS LEARNING 



Recommendation: Increased development, testing, and evaluation of electro-optical systems 

for continuing education; expai^ion of ACS continuing education services. 



The tradition of continuing personal and pro- 
fessional education is a very old one in the United 
States. It has bt^en sustained by the involvement 
not only of educational institutions but of profes- 
sionai societies, licensing boards, employer entit- 
ies and groups, and individual providers. The pur- 
{>oses of such continuing education are almost as 
numerous as the individuals sp engaged: but. the 
major categories, apart from cultural and educa- 
tional enrichment in service of personal objec^ 
tives, appear to be: 

MQinienance: work intended to maintain 
and update the previous formal education of the 
individual; typically, such work is organized 
into "courses" similar to those taught in col- 
leges and universities, and brings to the gradu- 
ate professional the content and level of such in- 
struction. 

Completion: usually courses, but in areas 
which complement or supplement the work (in 
both nuyor and minor fields of study) taken by 
the individual when a student: in the case of a 
chemist— a follow-up course in. say, physical 
chemistry: an additional, higher level course in 
mathematics or physics: work in economics, 
marketing, or business law missed during ini- 
tial professional education. 

Profu wncy acquisition: the largest cate- 
gory and the most varied in mode and scale of 
individual activity: work designed to yield 
{through limited, often intense study) new or en- 
hanced proficiencies in the use of new expx^ri- 
rnental techniques; refx^rt writing and technical 
conmiunications: recent advances in methods, 
theory and practice; etc. 
Continuing education is af coniplishcd 
tlirough a variety of formats: "open university"; 
correspondence: typical school, college, and uni- 
versity classes: less formal (and other) modes 
which involve just the individual student at the 
time of instruc tion: and tutorial and small group 
instruction. 'IWenty-five years ago, continuing ed- 
ucation. like initial education, was delivered pri- 
?nari]y though the printed or directly spoken 
word. More recently a host of electro-optical tech- 



tiiques have gained prominence {prerecorded au- 
dio and video materials, electronic blackboard 
and teleconferencing, and a number of diiTerent 
kinds of interactive, computer-based methods) — 
but with a trend favoring class or itistitutional st^t- 
tings. 

The rapidly spreading use of electro-optical 
techniques, unlike the "blip'' of "teaching ma- 
chines" some years ago, exhibits such momen- 
tum that one must conclude that a revolution in 
educational technique is underway that will be as 
sweeping as that occurring in the workplace. In 
some colleges and universities there is concern 
that students no longer knov^^iow to learn from 
books, so acclimated have the5\become to non- 
print presentations. Unless there is parallel devel- 
opment of new techniques affordable by individ- 
uals, continuing education in the futuit will be as 
place-bound as initial education has bvvn and will 
continue to be. This would reduce the scale of 
such activity sharply, since nuich of continuing 
education is now accomplished on an individual 
l>asisand at home. 



C3- Federal agencies, private foundations, 
and scientific societies concerned with sup- 
port of education in science should devote 
substantial resources to the experimental 
development, testing, and evaluation ofelec^ 
tro^ptical technol€>gical systemsfor provid- 
ing maintenance, completion, and profi- 
ciency acquisition types of continuing 
education, with special emphasis^n the ac- 
cessibility of high quality instruction to in- 
dividuals cuvayfrom the workplace. Specifi- 
cally, the American Chemical Society, 
through its Education Division, should con- 
tinue to develop and expand its self support- 
ing audio, video, computer-based^ and other 
electro-optical continuing education serv- 
ices to both individuals and groups. 
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Recommendations on INDUSTRY AND EDUCATION 

1 1 Academlc-Indiistrial Cooperation 

12 Coordination at the Induatrial-Academic Interface 




Photo: W. R. Grace and Company 



The chemical industry can bring substantial human. Intellectual, and 
financial resources to bear In aid of the st ructure and processes of edu- 
cation. 
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II: ACADEMIC-INDUSTRIAL COOPERATION 



Recommendation: Strengthening and expansion of activity that bring the resources of 

the chemical industry to bear on improvement and support of 
science etiucation oi ail levels. 
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Historically, a variety of interactions between 
industrial and educational institutions made ma- 
jor contributions to the growth and eminence of 
the nation in pure and applied science; chemistry 
was the earliest of the sciences to enjoy this flo- 
rescence. Some of these interactions have per- 
sisted during the last twenty -odd years (continu- 
ing education programs, consulting by faculty 
members, industrial support of some academic re- 
search, etc.). but many have shrui;^ or disap- 
peared altogether as Federal funding of basic re- 
sc-arch. development in special areas, and support 
of many programs to improve science and techni- 
cal education have put money into academic insti- 
tutions on a grand scale. 

Since the last century, academic scientists 
and industrial managers have dealt with each 
other as producer and employer, respectively, of 
the highly educated individuals needed ^y the pri- 
vate technical sector. This relationship has grown 
steadily in size and occasionally in tension. Pri- 
vate industry will never match, much less sup- 
plant, the scale or variety of Federal involvement 
in science education and academic research, but 
the recent redevelopment of common interests 
into shared and collaborative activities ^annot but 
txMiefit ail three— education, industry, and govern- 
ment. 

ndustry and business have the capability of 
contributing by participation in many of the for- 
mal structures and processes of science educa- 
tion, and the dt^sirability of their doing so is be- 
coming more generally accepted. Present 
educational modes can be supplemented with re- 
sources available from scientists and institutions 
outside the education establishment. Scientists 
employed by industry can provide professional 
skills as adjimct or exchange teachers at all levels 
of education, and can contribute in many ways to 
the development of a populace that is scientifically 
aware and literate. 

The need for science literacy of the general 
public is beyond debate. Further, most of our lo<^al 
and national leadership are rsonscientists. and 
their education for leadership must include ade- 
quate grounding in the content and methodology 
ol science. Industry is a direct victim of a scientific 
tally . .terate population. 

In res[>onse to these needs, the chemical in- 
dustry can bring substantial human, intellectual, 
and financial resources to bear in aid of the struc- 
ture and prcKH*sses of education, Tb the extent that 
industry recognizes that the future strength of our 
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technological society depends on the present stu- 
dent body, industry will recognize that it is in its 
interest to divert a significant portion of pres^nJ 
resources to the education of future generations of 
citizens and scientists. 

In the course of this study, the Tksk Force has 
observed many instances of viable interactions 
between educational institutions and nearby in- 
dustries. Some industrial corporations are sufTi- 
ciently large that their participation in such activi- 
ties extends well beyond the local scene to the 
state and region, and some operate at the national 
level. Where chemistry is concerned, the nation- 
wide system of local sections (membership) of the 
American Chemical Society provides both a fo- 
rum for planning and action and a natural mecha- 
nism foiK;gondination that is focal in the best 
sense of the word, in the paragraphs below are ex- 
amples of local activities that could serve as 
models for widespread application. 

Elementary Schools. Industries have recog- 
nized the need for sound education in the schools 
in many ways: creation of award programs for 
master teachers; opening plants and laboratories 
to guided teacher tours; establishment of special 
funds to purchase science demonstration and 
other unusual teaching equipment and supplies; 
support or a ward of scholarships to teachers tak 
ing science updating work at workshops, insti- 
tutes, and in summer sessions at colleges and uni- 
versities; providing their science personnel for 
sp^ial meetings, lectures, workshops, demon- 
strations, in-service courses, and other activities 
aimed at strengthening science education; partici- 
pation in varied efforts to acquaint the public with 
the roles of science and technical endeavor in con- 
temporary society; work to Increase those aspects 
of public awareness that can result in improved lo- 
cal support for local schc^s; and sponsorship of 
teacher institutes and workshops on science 
teaching. 

High Schools, Industry interactions with high 
schools embody all of the elements just listed and 
others in addition: donation of technical library 
materials; encouragement of industrial scientists 
to undertake part-time teaching or teacher assist- 
ance positions in high school science programs: 
establishment of special funds to acquire the labo- 
ratory equipment and supplies necessai y to as- 
sure that students have high quality, up-to-date 
experiences in basic science; sponsorship of stu- 
dent science fairs and projects and related awards 
for excellent achievement; studen^tours of indus- 
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trial plants and laboratories to emphasize the vari- 
ety of technical employment and assist guidance 
counseling in the schools: provision of summer 
appointments in research, marketing, technical 
services, fx^rsonnel services.land other areas, for 
qualified science teachers (reported more fre- 
quently for chemistry than for any other science 
or technical area!): support for "career days" and 
other counseling activities to provide sound infor- 
mation to students on career choices and t^mploy - 
ment op|X)rtunities: provision of internships to 
science-interested students after high school grad- 
uation but before college to give them a taste of 
technical employment in indui?try. as well as re- 
munerative summer employment: and sup|X)rt of 
ACS lot^al section efforts to improve high school 
chemistry teaching. 

Post-secondary, Community colleges: four- 
year colleges, and universities enjoy a still wider 
^:{HHnrum of interactions with industry, including 
ail of the kind|» mentioned above and the following 
in addition: donation, sharing, and exchange of re- 
search instrumentation: utilization of faculty re- 
search skills, as consultants and as summer and 
sabbatical employees: support for undergraduate 
summer research: participation in formal Cooper- 
ative Education programs for chemistry under- 
graduates: provision of pre-research summer ap- 
pointments for chemistry graduate students: 
•supjx^rt of academic fellowships, graduate and 
undergraduate research assistaritships, and 
teaching assistantships: development and sup- 
port of continuing education programs for indus- 
try employees: establishment of discretionary 
funds in chemistry departments to support edu- 
cational activities or piirchases for which institu- 
tional fluids are not or cannot be made available: 
exchanges of q\:alified s<:Mentists between indus- 



try and academe (adding to the experience and 
perspective of both): sup{X)rt of student travel to 
regional scientific meetings and to industrial 
plants, research, and development laboratories; 
funding of faculty research projects: support for 
faculty work on research of specific interest to an 
industrial s^wnsor: sharing of library resourccJ^: 
interconnection of computer systems: consulta- 
tion on curriculum content and development for 
appropriate, accurate, and timely reflection of in- 
dustrial research interests and needs: provision of 
instructional materials dealing with industrial re- 
search interests and needs: provision of instruc- 
tional materials dealing with industrial processes 
and major product groups: and rostering the skills 
of "retired industrial scientists. 

This listing is by no means exhaustive, but it 
shows the breadth of activities which have devel- 
oped in various places as local industries and edu- 
cational institutions discover and act on their 
common and mutual interests. 



II. The Task Force recommends strengthen- 
ing and expansion of the wide spectrum oj 
nictivities that bring the resources of the 
chemical industry more effectively to bear 
on the improvementf support^ and service of 
education at all levels. This expansion is im- 
portant in technical areas, but it is critical 
in the wider domain of the public under- 
standing of science* The local sections of the 
American Chemical S€H:iety are natural 
sources of knowledge, interest^ tolent^ and 
energy for such efforts. 



12: COORDINATION AT THE INDUSTRIAL-ACADEMIC 

INTERFACE 

Recommendation: Establishment of an ACS staff Office to deal with activities at the 

academic-industrial interface. 



'Vhc text of the preceding recommendation 
(1 i ) contains lists of some of the ways in which the 
rt^soun^es and exptTtise of industry are bf*ing 
brought to the service of education at various lev- 
els, and of some of the less conventional ways in 
which s<'h<x)ls. colleges, and universities, and 
their faculties, are meeting the needs of industry 
and business. 

No one is concerned about continuing? explo- 
ration of industrial-academic interactions: for. af- 
ter all, both sides of the interface are changing 



continually and their ways of relating to n\rh 
other must also. Many are concerned, however 
about the continued nature of much of this explo- 
ration—about its never-ending, repetitive, wheel- 
reinventing quality: the lists of recommendations 
from successive conferences on the subject often 
have 75 percent redundancy, even after applica- 
tion of a correction for cliches. P'or example, it is 
highly likely that sometime later this year (and 
probably next year as well) there will be a major 
conference exploring problems at the interlace be- 
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'tween the industrial and academic worlds. (The 
writer of this paragraph has attended Imir such ' 
eonferenees in the past eight years and been a 
spt^aktr at two of theni.) 

One hopes for increast^ on a national scale of 
the number and hco\>c of interactions like thosc^ 
descril)ed in the text of the last recommendation. 
Virtually all of those activities started at the local 
level, because there was communication between 
interested {^H-rsons on both sides of the interlace 
and ways were found to turn those interests into 
action. Karlier it was noted that local sections of 
the American ('hemical Soc ief^ can and do play 
important roles at this interface. An example of a 
new kind of elTort is that of the Central North Car- 
olina Si'ction, whose Academic-Industrial Matrix 
(AIM) was created to coordinate and facilitate a 
wide sfHr trum of activities bringing academic 
and industrial chemists together to work on solu- 
tions of problems of mutual interest. 

The governance structure of the American 
cnicmica! Scx iety contains numerous bodies with 
interest in the interface: Corporation Associates: 
the Society Committee on Education: the Com- 
mittees on Ux-al Section Activities, I^ofessional 
Relations. Project SKED. IVofessional lVainir\g, 
the Handicapped, and others^all working under 
the geruTal oversight of the Ik^ard of Directors or 
CouTuMl. But, in spite of this extensive interest, 
eoncern and proctorship, the level of action is 
lower than we feel it must be. 



12. The American Chemical Society should 
establish a stajf Office to deal with the nw 
merous and diverse activities at the aca- 



demic-industrial interjace. so that the r^- 
sources and potential ojboth communities 
may be brought more effectively to bear on 
the improvement of both science education 
and the public understanding of science 
through educatUin. 



a. This staff funetion could be created simply by 
expanding that presently concerned with Coopera- 
tive Education, one of the most effeetive kinds of in* 
teraction between industrial and collegi^ite institu- 
tions. As the principal eoordinating body for the 
ScK'iety *s aetivities related to edu'cation, the SocMety 
Committee on Education should assume leaiiership 
in developing a proposal to the Bo«\rd of Directors 
coneerning the responsibilities, role, support and 
funding of such an OfRce. 

b. An early tiisk for this Office should be review 
of the recommcndaf ions of recent Society confer 
ene< s and workshops on problems at the academic- 
industrial interface to determine which are being im^ 
piemented and which are not. Successfu! 
implementation on the \oval level of suggested pro- 
grammatic activities should be publicized and other 
kx'al f(KM of interest stimulated and supported in 
thc*r etlorts to emplace such activities. Recommen- 
dations for new policies or modified statementn of 
fK)licy should \yv tracked and efforts made to assist 
the ciearingof the docket. 

c. The Office should devise strategies for using 
existing Society communications networks to dis 
seminate information about successful efforts to 
solve problems at the interface and about new kinds 
of local and area attention to education that seem to 
be helpful, and in other ways should assist and rein- 
force kx'a! ellorts- 
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MONEY 



The various initiatives rtronuTunided by ttiis 
lUsk Force would require both public sector and 
private sector hnaucial sap5:x)rt, directly and indi- 
rectly. In this section we indicate levels of expendi- 
ture that seem appropriate lor the objectives oi the 
hif^hest priority recommendations. 

The recommendations to the United States 
Government of highest priority have to do with 
improvements in the qualifications of teachers 
(A 1 ) and in the quality of instruction (E5). The 
Task Force belit^ves that a broad spectrum ot in- 
service workshops, short courses, and institutes 
tor teacht rs (A 1) offers the* bi*st hopt^ for improv- 
ing and maintaining the qualiHcations of those ' 
who t(*ach. at every level. While the NSi5 Commis- 
sion on IVet^oUege Education recommended a five- 
year elTort of this kind, we believe that a smaller 
but permanent program is necessary. Over a per- 
uxi of 4 to 6 years, it should be possible to phase-in 
a progratn w^hich would be stalled adequately and 
reacli a reasonable fraction of high s<*hool and pre- 
high schcK)! teachers each year. The costs would 
de{H*nd on the mix of program durations and lo<*a- 
tions. We recommend that the direct and institu 
tional indirect costs of instruction, as well as cer- 
tain of the participant costs be provided by the 
Federal Government at a steady state annual level 
of $2{X)-250 million. State sharing of the total 
costs of such programs would bv expectt^d 
through their support of reieas**d time, continua- 
tion and outreach efforts, facilities improvement. . 
long term siilary augmentation, additional funds 
for operations, etc. 

A major factor in improvement of the quality 
of instruction couki be the Federally-supported 
Regional Science Centers, an eventual 10 being 
projK)sed by the Hisk Force {Ed). The locus of 
these CenttTs would be on materials and new 
methodologies, though activities in thos<* areas 
caiuiot be divorced from concern for subject niat- 
ter. An annual Federal expenditure of $10 bullion 
for these Regional Centers is recommended. A 
separate research and cievelopment center ori- 
ented specifically toward new instructional tvch- 
nologies shouici be created also: the recom> 
mendeci level ol federal support is $2 to $5 million 
{HT year. As these techniques becotTie more widely 
dispersed in the schools, this particular center 
jnight acquire a more diversified mission and be 
regarded at least in part, as an eleventh regional 
i^enter {Botli these aspects of th€ Center program 
were recommended by the NSlJ Commission.) 

The highest priority recontmendations by the 
Task Force that involve direct e?qx^nses to States 
are the raising ot teacher certihcation standards in 
science and mathematics (E 1 . E4. and H2). re- 
iated improvements in tear her compensation and 



conditions of employment {E4 and H2). and in- 
creases in the amount and level of science and 
mathematics taught to all students (E 1 . E2, H3. 
and H3). Full implementation of these recommen- 
dations would entail substantia! costs to State ed- 
ucation agencies and loc^al school districts. Some 
of these wmild be direct costs: better facilities, ad- 
ditional laboratory instruction, higher pay for 
teachers in demand in alternative markets, in- 
creased costs for operations, etc. Some would be 
indirect costs: high expectations and standards 
(for people on both sides of the desk), increased 
certification requirements, improved conditions 
of employment, organizational changes, etc. Each 
state, municipality, district, and^chool has its 
own unique mix of problems and opportunities. It 
is not jK^ssible to niake estimates of additional 
costs that are satisfying in their detail. 

It is jx)ssible, however, to indicate an appropri- 
ate level of increased expenditure by focussing on 
anrujal expenditures per pupil. We estimate that 
the improvements in science instruction contem- 
plated by our rt^commendat ions for the elemen- 
tary schools could be bought for an annual addi- 
tional expenditure of SlCX) pvr pupil, includinga 
p{irtion of teacher siilary improvement. At the 
high school levt^l the additional costs.might be 
slightly less, higher intrinsic costs being olTset in 
part because there is already some good science 
instruction to serve as a base in almost every part 
o! the country. 

These estimates of additional costs may be 
low. but not by a factor as large as 2. 

Many of the T^sk Force reconfmendations to 
scit^ntii'ic scxMcties relate to the highest priority in 
that set— ibrination of a National Coimcil to lead* 
in many ways the improvement of both precollege 
education in mathematics and science and the 
public understanding of science. The major scien- 
tific and tec^hnical scKMCties could moi^nt a likely 
highly effective effort through contributions ag- 
gregating $ I to $2 million annually. Oversight re- 
sponsibility would have to be based on expansion 
of present data colk*ction. which task is more ap- 
propriately discharged under the sponsorship of 
governments. We estimate that expansion would 
cost $3 to $3 million per year {Both of these esti- 
mates are consistent with similar ones publislied 
by the MSB Commisslon.j 

Since no estimate exists of the value of indus- 
try's present substantial and highly diverse con- 
tributions in support of education, there is no w^ay 
to even guess at the additional expenditures 
which would raise industry involv<*ment in the 
improvement of education to a level like that con^ 
templated by our recommendaiions. It shoulcfbe 
remembered that some of these expenditures now 
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arc and prrsuniat)ly would \h' ixnuv iiltluialely by 
Uu p<){)ulcition at Vdt^v ihfough provision to the 
indvisirv c)t lax iiif CfUivcs ot diflcrcnt kinds. Il is 
uo\ ruiirulous to srt a pritiiarv target ot 2 percriU 
i)\ ( ash How. halt ot which, at least initially, should 
he (\4r marked tor srienre and inalheniaties 

I he leadership we Tt^cx)Tnrn(^nd to the Anieri 
TcUi C iK-niieal S<><Metv does not have high addi- 
t^')tial eosts; I aiehof wliat wt^ ask ot tht^ S<K;ietv 
{•an be aeeoniplished hv reailwation at present 
It Vf'ls ot ex{H'nditurtv The siinie is true tor av least 
some ot the {)rogTamnnnu, we reeonnnt^nd to the 
} Vfiera' and State governments. 
E^tinuitc oj costs io the people if there is not in 
i reused ineestnxent in qiiahty education. 

Tuhlir expenditures on education are dt^ter 
mined bv poiiti(^a' "oeesscs. The participants ui 
such })r(H'esses seem interested in assuring that 
hiture mcrcnu nts U\ experuiiturt* wjII buy a re- 
turn that :s sigmiicant and demonstrable. No one 
<*xpecls audnional rru)ney to be "thrown at" t (iu- 
cation. even il tliat would accomplish the objec^- 
tivesdfsircd by most ol the people. Put plairily. 
s()!ne new contracts have b " * ^n betwe^'n 
thc|)cnple <uid thosc^ wnoiv. i:.. , . i.iploy toedu 
{•ate ihrir childrei<^But. there are two parties to 
t'vt rv contrcU't and eaK,i ol tfu-m. m this case, has 
some lc^itnn<ite concerns ab<Ait the expectations 
ot the ot})er The negotiatiiins must attend to both 
^t'ts ol c()nc<'rns. 

This IS not the place t(^ cit tail the matters to be 
Of ^( jUated I li()s<' intercstci' rhcm shoulci stcU t 

\\v' vrpnn of TfieSc i\)fj\rnissu)n on 

t.XictU'fu *■ .'M Kilnciilun ■ .'\ Nanon at Risk.' .uul 



then read: (l)*'High Si^hcx)!. A Hej><)rt on Sein)nd 
ary Education in America/* Krnest I.. Hover *s 
eialx)ration of the work o! the National High 
St^h(X)l Panel of the (\irtiegie Foundation, and (2) 
''Against MedicK^nty; The f iunianities in Anu'ri- 
ca's High b<^h(H)Is." a collection of essi:iys edited by 
Chester E. Fnm. Jr, Diane Ravitch, and Robei t T. 
Fanc^her. hi this triad of works aggregating 704 
pages, the evideuc e is presented, the c ase made, 
and tht^ issues laid out. 

hi (^omparison with cost chanqets that many 
o! us regard as trivial in other are \s of public ex- 
penditure, the toial costs of improvtxi edncatjon 
cit all levels and in all areas are noi sfaggermg 
sums. Our estimates for the irnprovemeiH ot 
sch(X)l science and mathematics total about $4 
billion a year That is a magnificent sum in the 
bank account of an individual, but it is round-otV 
error iir the aggregate of national and state budg 
ets. 

Kduc<itiona! improvement costs moru^v. Fail 
ure to make t ciucationai unprovement (H)sts 
much more. Here we have estimated the costs of 
impiementlng thic highest priority reconnuenda- 
tions of tht^ 'Pask ror(H\ cannot estimate the 
(^t)sts associated with less than well inlormixl citi- 
zen judgements, continued low stand«U(is of 
tea( her (XM tihcation. obsolete instruction and 
teaching materials, failure to assist teachers to im- 
prove their qualitications or any ot a host ol conse 
({uciu cs of inattt^ition to th<^ c(Mitralitv ol science 
\\\ education tor cH>ntemporary \\\v\ but tiiose costs 
arr sutcIv very hi^h 
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